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REVIEW OF THE WORK DONE 
AT ICRISAT ON SOIL-BORNE 
DISEASES OF PIGEONPEA AND CHICKPEA 
Y .L .  Nene, J,  Kannaiyan, M,P, Haware, and M,V, Reddy 
Work on the pathology of ICRISAT1s two pulse crops, pigeonpea 
( C a j ' m  d u n  (L.) Millsp.) and chickpea ( h e r  arietinum L.), was 
in i t i a t ed  i n  September 1974 a f t e r  one of us (YLN) joined as the 
Principal Pathologist. According t o  the requirement of the Ins t i tu te ,  
a seminar on the  proposed plan of work was presented by YLN i n  November 
1974, He s ta ted  i n  h i s  seminar tha t  the  objective of the pathology 
prograat should be t o  play an appropriate ro le  ( i )  i n  the Crop Improve- 
ment Program by pioviding assistance i n  breeding disease-resistant 
material and (ii) i n  maintaining the  gains made in  the Crop Improvement 
Program, Subsequently we planned our research projects and a l l  along 
we have kept i n  mind the  above two objectives. While the f i r s t  objective 
would explain a l l  our work on screening techniques and t h e i r  application, 
the  second objective would explain our work on relevant aspects of 
biology and epidemiology of the pathogens concerned. The phrase 
'soil-borne diseases1 can cover several diseases, We have, however, 
stuck t o  more commonly accepted connotation and that  should explain our 
coverage i n  t h i s  review, 
PIawPeA 
I ,  Wilt 
- 
1. Introduction 
A very large number of papers on highly varied aspects have 
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appeared i n  t h e  l i t e r a t u r e  s ince t h e  disease was f i r s t  described from 
India by Butler i n  1906. In 1910 he described i n  d e t a i l  pathogenicity 
experiments and a l s o  described t h e  causal fungus t o  be 3 new species 
of Frcsariwn, F, udum. Even though attempts have been made t o  change thc  
fungus name t o  F. o q s p o m  f .  sp. udm, we ngrcc with Booth (1971) and 
s t i c k  t o  t h e  name F.  udwn. I t  i s  f a i r l y  easy t o  d i s t inguish  F. udwn 
from F .  o;zysporm on t h e  bas i s  of  spore morphology. An attempt t o  
i d e n t i f y  w i l t - r e s i s t a n t  l i n e s  was i n i t i a t e d  a s  e a r l y  as 1905 a t  Poona i n  
India  (Butler ,  1908, 1910). 
2.  Occurrence 
The disease is widely prevalent i n  India (Butler 1906). I t  has 
cons i s ten t ly  been reported t o  be more ser ious i n  cen t ra l  and northern 
India .  
The d i sease  has been reportedfobserved i n  Kenya, Tanzania and 
Uganda i n  Africa, Thailand and Indonesia i n  South-East Asia, and 
Trinidad i n  t h e  Caribbean. Seriousness of t h e  disease i n  these count r ies ,  
however, is doubtful.  
3. ICRISAT surveys 
There a r e  no two opinions about the  seriousness of t h i s  disease 
i n  India .  Several workers have made general statements on the  wide- 
spread occurrence of the  disease and t h e  ser ious losses  t h a t  it causes. 
We have not ,  however, como across  any repor t  of  n systematic survey of 
t h i s  disease.  In  1975 we s t a r t o d  roving surveys i n  cooperation with 
a g r i c u l t u r a l  u n i v e r s i t i e s  i n  d i f f e r e n t  s t a t e s  i n  India. To date  we 
have surveyed f i v e  s t a t e s  covering over 18,000 krn. Stops were made 
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approximately between 30 t o  40 km, except i n  non-pigeonpea growing 
a reas .  The d a t a  a t  each s top  were c o l l e c t e d  using a s tandard p r o f o m .  
which ensured uniformity i n  da ta  c o l l e c t i o n .  The r e s u l t s  obtained so 
f a r  a r e  summarized i n  Table 1. 
Table 1. Pigeonpea w i l t  survey (1975-1977) 
Distance Loca- Dis- Range i n  farmers'  
S t a t e  covcred t i o n s  t r i c t s  Avcragc f i e l d s  
km % % 
Andhra 
Pradesh 4,000 102 19 5.26 0-92 
Maharashtra 4,000 82 19 22.61 
Karnataka 2,000 3 7 14 1.12 
Tamil Nadu 2,100 46 11 1.36 
Madhya 
Pradesh 6,000 136 40 5.42 0-96 
Thesc surveys confirm t h e  presence of  t h e  d i sease  i n  every s t a t e  
surveyed so f a r ,  with r e l a t i v e l y  more i n  c e n t r a l  Ind ia .  We have ye t  t c  
conduct surveys i n  t h e  t h r e e  major nor thern  s t a t e s  o f  India .  
4. Loss es t imat ion  
I t  was gcnera l ly  presumed t h a t  every wi l ted  p l a n t  represen ts  
t o t a l  l o s s .  Since we see  ( i )  p a r t i a l  w i l t i n g  i n  many p l a n t s  and 
( i i )  more w i l t  incidence i n  flowering and podding s tage ,  we wanted 
t o  es t imate  t h e  l o s s  i n  y i e l d  i n  r e l a t i o n  t o  t h e  s t a g e  a t  which wilt 
occurs .  We now have 2-year d a t a  on l o s s  i n  y i e l d  on a per  p lan t  b a s i s .  
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The d a t a  a r e  prcscnted i n  Table 2. 
Table 2. Grain y i e l d  l o s s  i n  pigeonpea (cv. Shnrda) a s  inf luenced by 
3 t h e  s tage  a t  which wilt occurred 
Stagc a t  Yield Actual Loss of Normal Wrinkled 
which p l a n t s  per  loss of  y i e l d  seed seed 
wi l ted  p l a n t  y i e l d  weight weight 
E a r l y p o d  0.71 56.39 98.80 72.80 27.20 
Pod matur i ty  18.84 38.26 67.18 85.94 14.06 
57-10 
(check) 0.00 0.00 87.69 
a Average g r a i n  y i e l d  from a t o t a l  of  40 p l a n t s  i n  1976 and 1977 t e s t s  
I t  i s  c l e a r  t h a t  l o s s  was almost complete when w i l t  occurred a t  o r  
p r i o r  t o  e a r l y  pod s t a g e .  Even when pods wcre f u l l  and p l a n t s  c lose  
t o  harves t ,  t h e  l o s s  was around 30 percent  i n  wi l ted  p l a n t s .  I t  is  
i n t e r e s t i n g  t o  note  t h a t  wi l t ed  p l a n t s  produced over 70 percent  normal 
seed and when t h e  wilt was dclayed, t h e  percentage of  normal seed 
produced was a l n o s t  equal t o  t h e  percentage produced on heal thy p l a n t s .  
The t e s t  was c a r r i e d  out  only on one c u l t i v a r ;  i . e , ,  Sharda, and it 
is  p o s s i b l e  t h a t  o t h e r  c u l t i v a r s  might show d i f f e r e n t  l o s s  p a t t e r n s .  
However, we expect t h e  general  p a t t e r n  would remain t h e  same; i. e. ,  
l e s s e r  l o s s  with l a t e  w i l t i n g .  
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5. Symptoms 
When Butler published h i s  paper i n  1906, he described the symptoms 
f a i r l y  accurately.  Very l i t t l e  addition t o  t h a t  descr ipt ion has been 
made since then. The infected plants  show symptoms of gradual chlorosis  
and wil t ing s t a r t i n g  from 4 t o  6 seeks a f t e r  plant ing.  However, more 
wilt i s  observed during the  flowering and podding stage. Black s t reaks  
i n  the  vascular region a s  well as  under the  bark a rc  c h a r a c t e r i s t i c .  
P a r t i a l  wil t ing i n  a f fec ted  plants  i s  not uncommon. Many such 
p lan ts  show a dark purple band extending from the  base t o  several  fee t  
above ground towards wilted branches, We could of ten t race  the  band t o  one 
of the  two major l a t e r a l  roo ts  of such a p lan t .  Infection of the  tap 
root  most commonly produced complete wil t ing,  whereas in fec t ion  s t a r t i n g  
and extending from one of  t h e  two l a t e r a l  roots  more of ten  caused p a r t i a l  
wil t ing.  Exceptions, however, were observed. 
The dried leaves on wil ted p lan ts  dc not shed f o r  a long time. 
6. Morphological var ia t ion  i n  t h e  fungus 
We made hundreds o f  i so la t ions  from specimens col lected a t  
Hyderabad and a l a rge  number of other  locat ions v i s i t e d  during surveys. 
This species ,  l i k e  most other  Fusariwn spp. ,  shows a great  deal of 
var ia t ion  i n  cu l tu ra l  characters .  Based on c h a r a c t e r i s t i c s  such as  
type of  growth, sporulat ion and colour and change i n  medium colour, we 
have c l a s s i f i e d  those i n t o  12 d i s t i n c t  groups (A t o  L ) .  We a rc  of 
course not t h e  f i r s t  t o  do t h i s  kind of work, Even Butler reportcd 
t h i s  type of work i n  1910. Many o ther  workers have done so s ince then 
(Saro j i n i ,  1952; Subramaniam, 1955 ; Baldev and Amin, 1974) . 
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We have not yet made any attempt to ascertain existence of 
physiologic races. Baldev and Amin (1974) presented evidence to suggest 
the existence of races. Their work, however, suffers from certain 
weaknesses. For example it is not clarified whether the three cultivars 
~P(WR)-I~, T-21, and C-11] which they used as differentials were 
homozygous for resistance to at least one isolate. It has been our 
experience that unless selfing is resorted to for several generations, 
the cultivars show considerable heterogeneity for different traits 
including disease reaction as a result of natural cross-pollination, Also 
the tests with different fungus isolates were carried out only once. In 
spite of this, we admit that the results presented by them do point to 
the possibility of the existence of races. 
We have single-spored the 12 isolates, had the identification 
confirmed by the Commonwealth Mycological Institute, and have preserved 
them on autoclaved sand. 
7. At what stage are plants infected? 
As mentioned elsewhere, the disease incidence is very low in the 
first two months. More incidence is seen during flowering and podding 
stages. We, therefore, carried out a study to detect the fungus in the 
plants prior to the appearance of wilt symptoms. Plants of the susceptible 
cultivar, Sharda, grown in a wilt-sick plot, were used for this study. 
In 1977-78 season ten plants were removed 15, 30, and 45 days after sowing. 
In 1976-77 season, the fungus could be detected from collar region 
downwards in apparently healthy plants (3 to 5 plants only) collected 
30 days after sowing, but not in those collected 15 days after sowing. 
7 
However, i n  1977-78 season, t h e  fungus could be detected i n  p l a n t s  15 
days a f t e r  sowing. The f i r s t  wil ted ? lan t  was not iced i n  t h e  p l o t  45 
days a f t e r  sowing i n  1976-77 and 30 days a f t e r  sowing i n  1977-78. This 
study shows t h a t  t h e  p l a n t s  a r e  in fec ted  f a i r l y  e a r l y  i n  t h e  season and 
many p l a n t s  apparent ly keep on ' f i g h t i n g s  t h e  f u n ~ v s  u n t i l  flcwering/ 
podding. 
While we were attempting t o  de tec t  t h e  in fec t ion  p i o r  t o  symptom 
appearance, through fungus i s o l a t i o n ,  we came across  a paper by Mil ler  - 
Jones -- e t  a l . (1977) wherein they reported de tec t ion  of in fec t ion  of 
SaZG alba v a r .  caerulea (Cricket b a t  willow) by Erwin& s a l i c i s ,  before 
symptom appearance, by using an instrument ca l led  Shigometer. Diseased 
t i s s u e s  were dis t inguished from heal thy by t h e i r  low res i s tance  t o  a 
pulsed e l e c t r i c  cur ren t .  'Me got ICRISAT Electronics  Engineer ( Ins t ru -  
mentation), Mr. S.K.V.K. Chari,  i n t e r e s t e d  i n  t h e  pigeonpea w i l t  problem. 
He has developed a s imi la r  instrument, using d i r e c t  cur ren t ,  t e n t a t i v e l y  
c a l l e d  by him a s  ' w i l t  d e t e c t o r ' ,  Preliminary t e s t s  were c a r r i e d  out 
i n  po ts  a s  well a s  f i e l d .  P lan ts  werc r a i s e d  i n  s i c k  s o i l .  E l e c t r i c a l  
r e s i s t a n c e  was measured every 3 t o  4 days. P lan ts  showing a drop of more 
than 0.4 Kn between two readings u l t imate ly  showed w i l t .  Work is  being 
continued. 
8. Systemicity of t h e  fungus 
The purpose of  t h i s  study was mainly t o  confirm t h e  f indings of 
Mohonty (1949) who reported t h a t  t h e  fungus was systemic. Five comple- 
t e l y  wil ted p l a n t s  of  t h r e e  c u l t i v a r s  (Sharda, BDN-1, ICP-6997) were 
se lec ted  and samples were taken f o r  i s o l a t i o n  every s i x  inches from 
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root tip to the top and included leaflets, petioles, rachis, pedicel, 
pod hulls, flowers and seeds. The seed samples were collected after 
surface-sterilizing the pods with 0.1% mercuric chloride. The samples 
from individual plants were plated on modified Czn$ekVs-Dox agar 
selective medium (Sharma and Singh, 1973) after surface sterilization 
with mercuric chloride. The plates were incubated at 28' to 30'~ for 
15 days. Fwsariwn udwn was isolated from tap root, lateral roots, collar 
region, main stem, branches, leaflets, petioles, rachis, pedicel and pod 
hulls. However it could not be isolated from flowers or seeds. 
Fusariwn udwn, however, can be detected as a surface contaminant 
on nonsurface-sterilized seed. 
9. Survival 
We have failed to find in the published literature any work done 
specifically to ascertain how long the funps survives in wilted plant 
stubble. McRae and Shaw (1933) made the following statement: 
"Exposed in the open the fungus in many of the stems and roots 
dies but when kept in a cooler room in the shade most of it 
survives. The source of infection then exists in the uncut 
portions of roots below the ploughing-depth. From such parts 
of roots -- in situ the fungus has been isolated after two years 
though with difficulty, so even here it would appear that 
the fungus dies out though more slowly. Disinfected rahar 
(pigeonpea) seed sown in land free from a - rahar crop for 
from eight to twenty years generally produces a crop with 
little or no wilt, while with a shorter interval the crop 
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comes up more o r  l e s s  severely wil ted according t o  t h e  
shortness  o f  t h e  i n t e r v a l .  " 
This i n d i c a t e s  t h a t  t h e  fungus survives something l e s s  than 8 years. 
Agnihotrudu (1954) has shown t h a t  F .  udwn does not colonize p lan t  debr i s  
i n  t h e  s o i l  but can survive only i n  t i s s u e s  already invaded a s  a pathogen. 
I t  then follows t h a t  t h e  s tubble  fragments may be enabl ir~g t h e  fungus 
t o  survive i n  s o i l  up t o  8 years .  To f i n d  out how long F. udwn survives 
i n  pigeonpea s tubble an experiment was i n i t i a t e d  i n  November 1974. 
Stubbles ( m o t  system with about 15-cm lone stem base) of  n a t u r a l l y  
in fec ted  p l a n t s  were obtained, weighed, and buried i n  35-cm diameter 
ear then po ts .  Two s e t s  were prepared; one with black s o i l  ( v e r t i s o l )  
and t h e  o t h e r  with red s o i l  ( a l f i s o l )  co l lec ted  from ICRISAT Center 
farm. Some proper t ies  of  these  two s o i l s  have been indicated i n  Table 3 .  
Table 3. Some proper t ies  of  v e r t i s o l  and a l f i s o l  used i n  t h e  pigeonpea 
w i l t  fungus surv iva l  study 
S o i l  PH E .C,  Organic Avai- Mechanical ana lys i s  
type (1 : 2 )  mmho/cm carbon l a b l e  Sand S i l t  Clay 
P % % % 
Alf i so l  5.90 0.10 0.20 2.10 59.60 7.20 33.2 
Ver t i so l  7.85 0.15 0.38 1.60 38.80 20.00 41.2 
S ix ty  po ts ,  30 with v e r t i s o l  and 30 with a l f i s o l ,  were prepared and 
buried i n  t h e  ground so  t h a t  t h e  top  o f  t h e  po ts  was i n  l i n e  with t h e  
ground surface.  Stubbles from s i x  po ts  ( 3  v e r t i s o l  + 3 a l f i s o l )  were 
removed a f t e r  every s i x  months, t h e i r  weight taken and then checked f o r  
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the survival of F. udwn. The experiment was planned f o r  f ive  years. 
Weathdr data (average max. and min, temperatures and r a i n f a l l )  from 
Meteorological Stat ion of ICRISAT were noted. The iden t i ty  of the fungus 
was verif ied through microscopic observations and pathogenicity of some repre- 
sentat ive i s c l a t c s  was checked. In ~ d d i t i ~ l n  nssistancc fr1.n t h o  C:m,nwealth 
Mycological I n s t i t u t e  was sought. The data obtained a f t e r  every 6-month 
interval  have been given i n  de ta i l  i n  our annual reports of 1974-1978. 
We were able t o  detect  F, udwn i n  stubble fragments from ver t i so l  
up t o  25 years and from a l f i s o l  up t o  3 years. Based on t h i s  limited 
study, we are  unable t o  understand how the fungus could survive up t o  
eight years a s  suggested by McRae and Shaw (1933). 
Some studies  by other workers need t o  be mentioned i n  connection 
with the survival of F, udwn. Saroj ini  (1950) concluded through pot 
studies that  application of zinc (20, 40, and 80 ppm) t o  s o i l  i n  which 
infected stubble were buried resul ted i n  the disappearance of the  fungus 
i n  5 t o  6 weeks. Boron and Manganese were l e s s  effect ive.  Dey (1948) has 
claimed reduction i n  the wilt incidence when sorghum was grown a s  an 
intercrop, Bose (1939) made a chance observation of reduced wilt incidence 
i n  a f i e l d  where tobacco was grown i n  the preceding season. McRae and 
Shaw (1933) through observations i n  permanent manurial and rotat ion 
experiments over several years reported ( i )  manuring with superphosphate 
(7-23 l b  PZO$acre) and with c a t t l e  manure increased the wilt, ( i i )  green 
manuring with Crotalaria juwea (60 l b  seedlacre) decreased wil t ,  and 
( i i i )  superphosphate and green manure together increased wilt. 
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10. Screening techniques 
Since one of the major objectives of our program is to assist 
the breeders in developing disease resistant varieties, we have spent 
a great deal of our time in working out efficient and simple techniques 
to screen germplasm and breeding material for resistance to different 
diseases including pigconpea wilt. 
(i) Water culture 
The technique essentially consists of transplanting pigeonpea 
seedlings, raised in autoclaved sand, into glass tubes containing aqueous 
suspension of F. udum conidia. We spent a great deal of time in develop- 
ing this technique but gave it up subsequently because of the lack of 
correlation between the results obtained by this technique with those of 
field screening results. The same technique works well in case of chickpea 
wilt and therefore we shall give more details elsewhere. 
When we first developed this technique, we thought we had 
worked out something original. Subsequently we discovered that similar 
techniques had been described by Wensley and lvlcKeen (1962) and Roberts 
and Kraft (1971). We were, however, surprised to note that the idea of 
such a technique had occurred to Butler (1910). He used water culture 
(he called it so) for studying the site of root infection. Who knows, 
we may discover an even earlier reference to this technique1 
(ii) Pot screening 
The well-known technique of transplanting seedlings of 
which roots are injured and inoculated to autoclaved sandlsoil in pots 
gave us erratic results. On the other hand we had good success in 
preliminary tests with the following procedure: 
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1. Al f i so l  (non-autoclaved) i s  f i l l e d  i n  l a rge  (35-cm) 
earthen pots .  
2. Fusar*iwn udwn is  mult ipl ied on sand-pigeonpea f l o u r  
(9 :1) medium (SPM) f o r  15 days. 
3. Fungus on SPM (200 g)  and autoclaved pigeonpea stem 
b i t s  (200 g) a r e  mixed with the  top  15-cm of s o i l  i n  
po ts .  
4 .  Suscept ible  c u l t i v a r  ICP-6997 (approx, 50 seeds) i s  
ra i sed  i n  each po t .  A l l  p lan t s  wil ted within 60 days 
a r e  chopped and incorporated i n  t h e  same pot.  
5 .  Step 3 given above repeated. 
6. Step 4 given above repeated. 
7. Step 4 repeated once more. 
After s t e p  7 we get  over 90 percent  w i l t  i n  each po t .  Currently we a r e  
developing 1,000 such pots  mainly t o  have a screening procedure t o  support 
f i e l d  screening. 
We have yet  t o  v e r i f y  the  success of t h i s  technique. 
( i i i )  Sick p l o t  
The idea of  using a s ick  p l o t  is  well-known and t h i s  procedure 
has been used f o r  a long time f o r  screening against  several  vascular 
wilts. We have developed two s ick  p l o t s  i n  v e r t i s o l  (1.5 ha each) and 
two small s ick  p l o t s  i n  a l f i s o l  (0.1 ha and 0.4 ha) ,  Fig.1 gives an idea 
a s  t o  how t h e  lisicknessl '  has developed i n  one o f  t h e  v e r t i s o l  p l o t s  over 
t h r e e  seasons. Our experience t e l l s  us  t h a t  ' lsickness'l  develops more 
quickly i n  a l f i s o l  than i n  v e r t i s o l .  Also w i l t  shows up e a r l i e r  i n  
a l f i s o l  than i n  v e r t i s o l .  I t  i s  per t inen t  t o  point  out here t h e  pot 
FIG. I MONTH-WISE PIGEONPEA ( C V  SHARDA) WILT INCIDENCE IN SICK PLOT 'A' 
DURING 1975-1976,1976-1977 AND 1977-1978 
S E P  O C T  N O V  D E C  J A N  
M O N T H S  
PIGEONPEA WILT SCRiENIG IN A SICK PLOT AT HYDERABAD 
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s tud ies  of Shukla (1975) which revealed t h a t  t h e  wilt incidence was high 
i n  sand alone (93.75%) and l e a s t  i n  heavy black s o i l  (18.18%). The 
disease increased with the  decrease i n  the proportion of s o i l  i n  s o i l -  
sand mixture. 
The procedures we followed i n  developing wil t -s ick p l o t s  have 
been given i n  Appendix-I. A t  f i r s t  we multiplied the  fungus on materials 
other  than pigeonpea stubble, but l a t e r  real ized t h a t  the  best way i s  
t o  incorporate the  stubble from diseased plants  and grow wilt susceptible 
c u l t i v a r s  i n  intermit tent  rows a l l  over the f i e l d .  
The plant ing pat tern we a r e  following f o r  screening is  one 
suscept ible  check row a f t e r  every two t e s t  rows i n  p l o t s  which a r e  i n  
the  process of becoming ' s i c k t  and one suscept ible  check row a f t e r  every 
four  t e s t  rows i n  p l o t s  which have already become ' s ick ' .  
11. Screening work done so f a r  
Screening work was i n i t i a t e d  i n  India from the  time the  disease was 
described i n  1906. Research centers where res i s tance  work was o r  i s  being 
car r ied  out are:  Poona (Butler, l910), Pusa (McRae and Shaw, 1933)) Delhi 
(Deshpande -- e t  a 1  . 1963), Kanpur (Dey, 1948)) Parbhani (Raut and Bhombe , 
1971), Sangareddy, Hyderabad (Vaheeduddin, 1958), and of course now 
ICRISAT. Several cu l t ivars  have been claimed r e s i s t a n t .  When we tes ted  
many of these, we did not get uniformity i n  performance. I t  is possible 
t h a t  t h e  seed which we have i n  our germplasm co l lec t ion  came from outcrossed 
p lan ts  and therefore many plants  show suscep t ib i l i ty .  Some of the 
c u l t i v a r s  which consis tent ly show low disease leve l  a re  NP(WR)-15 
(N.P.24 x N.P.51), 15-3-3, BDN-1, and 20-1. Another cu l t ivar  NP-80 is  
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mentioned repeatedIy in the literature since 1933 (McRae and Shaw, 1933) 
as a highly resistant one. The seed of N.P.80 has, however, not been 
available to us for testing. 
Since it took some time to develop a good sick plot, we could 
initiate dependable field screening only in the 1976-77 season. As the 
first step we focussed our attention on (i) already claimed resistant 
cultivars and (ii) lines identified as resistant to another important 
disease, sterility mosaic. We have been discarding the susceptible 
segregants and selfing individual resistant plants to fix wilt resistance 
in a homozygous condition. We now have some promising lines which come 
from both types of materials indicated above. Systematic screening of 
germplasm has been initiated but has been given low priority at this time. 
Screening of breeding populations generated by ICRISAT breeders is being 
carried out. Multilication testing of promising lines has been initiated, 
Table 4 summarizes ICRISAT' s screening work. 
Table 4, Screening for resistance to pigeonpea wilt at ICRISAT 
Materials screened in 1976-77 and 1977-78 
Breeding materials 
Germplasm 
Promising lines identified 
Under multilocation test 
Promising against wilt and sterility 
mosaic 
Breeding materials being screened in 1978-79 
12. Res i s tan t l to le ran t  l i n e s  
A t  t h i s  s tage we fee l  reasonably confident about t h e  performance 
of t h e  following l i n e s  whan grown a s  annuals (no ratccn crop) .  
Some of these  a r e  r e s i s t a n t  t o  s t e r i l i t y  mosaic a l so  (marked*). 
ICP-8859, -8860, -8861*, -8862*, -8863, -8864, 
-8865, -8867% -8868, and -8869* 
I t  may be pointed out t h a t  most of these a r e  s t i l l  apparently 
segregating, giving a very small percentage of  suscept ible  s tgregants  
We a r e  continuing t o  s e l f  s ing le  plants  and advance t h e i r  progenies t o  the  
next season. 
Most pigeonpea c u l t i v a r s  have a tendency towards being perennials .  
Therefore a f t e r  t h e  f i r s t  harvest of pods, t h e  p lan ts  produce new leaves 
and another f l u s h  of flowers/pods (ratoon crop). We f ind  t h a t  a l l  t h e  
promising l i n e s  indicated above show high wilt incidence i n  t h e  f i r s t  
ratoon i t s e l f .  We have been able  t o  detect  t h e  presence of  t h e  fungus i n  
many of these l i n e s  before t h e  f i r s t  harvest .  Apparently the  fungus is 
held i n  check by these l i n e s  u n t i l  t h e  f i r s t  harvest is over, a f t e r  which 
the  fungus dominates and k i l l s  the  p lan ts .  
11. Phytophthora Blight 
1. Ear 1 i e r  work 
A 'stem r o t  of pigeonpea' was described f o r  the  f i r s t  time from 
India by Pal -- e t  a l .  i n  1970, although i ts suspected occurrence was 
reported by Williams -- e t  a l . (1966). These workers observed t h e  disease 
i n  se r ious  form i n  the 1968-69 season a t  ce r ta in  locat ions i n  northern 
India .  The causal fungus was i d e n t i f i e d  a s  Phytophthom drechs2e.A 
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Tucker var .  cu'ani Pal ,  Grewal and Sarbhoy. Five years l a t e r  a 
qPhytophthora stem b l i g h t '  of  pigeonpea was described from t h e  same 
a reas  of  northern India  (Williams e t  a l .  1975). The species  was not 
-- 
i d e n t i f i e d  a t  t h a t  time, but was l a t e r  described by t h e  same group of 
workers a s  Phytophthora cajani (Amin e t  a l .  1978) 
-- 
2 .  Occurrence 
The disease has been reported from t h e  northern Indian s t a t e s  
of Delhi and Ut ta r  Pradesh. A s imi la r  disease was observed by us  a t  
ICRISAT Center i n  1976 i n  severe form. Although we have not conducted 
extensive surveys, we suspect the  disease occurs i n  most pigeonpea growing 
a reas ,  p a r t i c u l a r l y  during longer wet s p e l l s  which a r e  c o m n  during t h e  
f i r s t  t h r e e  months of crop growth. Information on losses  caused by t h i s  
d i sease  is  not ava i lab le ,  but there  is no doubt t h a t  the  d i sease  has t h e  
p o t e n t i a l  t o  cause devastat ion i n  a suscept ible  c u l t i v a r .  One of  us  (YLN) 
was t o l d  during h i s  t r i p  t o  cen t ra l  America i n  November 1977 t h a t  
Phytophthora stem b l igh t  incidence is  commonly observed i n  Puerto Rico, 
Dominican Republic, and Trinidad. P, parasitica was mentioned a s  the  
species  a f f e c t i n g  pigeonpea i n  Puerto Rico. 
3 .  Symptoms 
The symptoms have been described by Pal -- e t  a l . (1970) and Williams 
e t  a l ,  (1975). The symptoms can be seen only on above-ground p a r t s ,  
--
and t h e  r o o t  system a s  well a s  t h e  port ion of t h e  stem below t h e  s o i l  
surf ace a r e  no t  affected,  The descr ip t ion  given by Williams -- e t  a1 . (1975) 
is reproduced on t h e  next page. 
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"Symptoms include rapid wilting of the plant parts above the 
invasion site; dessication and upward rolling of leaflets, 
usually without chlorasis; withering of petioles and small 
stems; and dark-brown to black necrotic lesions encircling 
the stem at the base, or up to a meter or more above soil 
level. Lesions at the plant base often extend 15-20 cm up 
the stem. Lesions on the upper parts of the plant are on the 
main stem, branches, or petioles, usually have definite margins, 
and initially have a plane surface which later becomes slightly 
depressed. Lesions are often centered on a leaf scar, and 
extend several centimeters in each direction from the apparent 
invasion site. Longitudinal cuts into newly formed lesions 
show brown-to-black discoloration of the bark and cambium, but 
not the older xylem. Later, the older xylem tissue may become 
discolored and the stem may break at the lesion site. Gross 
symptoms resemble those of Fusarium wilt (caused by Fusariwn 
udwn Butler), and it is possible that Phytophthora stem blight 
has been confused with this disease in the past." 
In addition to the above symptoms, we have observed at ICRISAT 
Center water-soaked lesions on leaves from which the fungus can be isolated. 
4. Identification of species 
Since we could not identify the species isolated at ICRISAT Center, 
we sought help from the Commonwealth Mycological Institute, U.K. for 
expert opinion. Dr .  D. J. Stamps identified the species as Phytophthom 
vignae (IMI-211490). When we attempted to obtain infection of cowpea 
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(11 cvs.; viz., var.57, 1149, 1160, G.C. 187, G.C. 10-72, var.25/3/2, 
Sel .K-1, FS-68, New Era, Pale Green, and Pusa Dofasli) with the fungus, 
we fa i led  i n  repeated t e s t s .  We, therefore, took up the question with 
Dr. Stamps. Her comments are  reproduced below: 
' I . .  . . ...... morphological features agreed more closely with 
those described for P.  vignae, though we have no type culture 
here for  comparison. However, in view of the difference i n  
pathogenicity now known, identif ication with P. vignue should 
perhaps be reconsidered. 
A comparison of our P h y t o p h t h o r a  with other species was made 
by us in  1976-77. Table 5 has been reproduced from our annual report 
of 1976-77. 
One of us (JK) i s  currently (October 15 t o  December 15, 1978) 
working with Dr, D. C.  Erwin a t  the University California, Riverside, 
California, USA and hopefully we should be able to  know soon what 
species of P h y t o p h t h o m  is  involved i n  causing blight a t  ICRISAT Center. 
We must emphasize here that  the symptoms we observe a t  ICRISAT 
Center are  identical  to those that  a re  seen in  diseased plants i n  Delhi 
and Uttar Pradesh s ta tes  in  northern India. 
5. Survival 
There is  no published material related to  t h i s  topic. We have yet 
t o  i n i t i a t e  extensive studies. However, we wish t o  record a few obser- 
vations. 
( i )  We have seen the disease in  f i e lds  where pigeonpea had not 
been cultivated a t  l eas t  for  the preceding four years. 
Table 5. Comparison of  t h e  c h a r a c t e r s  o f  pigeonpea P h y t o p h t h o r a  
P. drechsleri var .  P h y t o p h t h o r a  sp. P. vignae Purss a  P h y t o p h t h o r a  s p .  Characters  cajarzi (Mahendra Pal  (Williams e t  a l .  
-- (1963) (ICRISAT, 
e t  a l .  1970) 
--
19 75) 1976) 
1. Hyphal Not mentioned 
swel l ings  
Not present  Present  Present  
2 .  Sporangia Ovate t o  pyriform Ovoid t o  obpyri-  E l l i p s o i d ,  ovoid Ovate t o  pyriform 
and very few form 4 9 - 8 2 ~  o r  obpyriform 10.0-27.5 x 
s p h s r i c a l  9-33 x (Av.60p), terrni- o f t en  t aper ing  7 . 5 - 1 7 . 5 ~  
4 .7 -13 .9~  n a l ,  p e r s i s t e n t  somewhat t o  t h e  (18.4 x  1 1 . 0 ) ~  
Av.17.4-22 x and non-pap i l l a te  base Av.48 x  27 mostly non- 
8 .0 -11 .6~  with  a  ( m x .  72x54)b pcp i l  la t i :  
minute p a p i l l a  non-pap i l l c te  
a p i c a l  thicken- 
ing  inconspi-  
cuous 
3 .  Zocspores 8  t o  20 i n  number 
i n  each sporangium, 
znd sometimes they  
l i b e r a t e  ou t  with 
en evanascent type 
of  v e s i c l e  o r  p r o l i -  
f e r a t i o n  o f  zocspo- 
rangiun 
Zoospores d i f f e -  Not nenticned 
r e n t i a t e d  within  
t h e  spormgium 
and were re leased  
onc by one upon 
t h e  dehiscene c f  
sporangial  apex 
contd. 

6. Host range Not tes ted  Non-hosts: Greengram, Not given, However Ncn-hosts: Green 
Blzck gram, beans, it has been reportcd p e n ,  B l x k  gram, 
soybean, cowpea, on cowpea. French bean, Limz 
chickpea, safflower, br3an) ccwpea 
Xanthiwn, Cannabis, (11 cvs .) , chickpea 
mton, and AtyZosia 
scarabaeoides 
7.  Chlamydo- Present Not present 
spores 
Not ?resent Idst p c s e n t  
a Commonwealth hlycological I n s t i t u t e ,  bfycol . Paper No .92, pJ7, 1963. 
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( i i )  In  seed p a t h o l o ~ y  s t u d i e s ,  we have so f a r  no t  observed any 
Phy tophthora. 
( i i i )  A r t i f i c i a l  inocu la t ions  of  sevcra l  p lan t  spec ies  o t h e r  than 
pigeonpea have been unsuccessful .  
( i v )  In  general  more d i sease  i s  scen i n  pigeonpea grown i n  
a l f i s o l  than i n  v e r t i s o l .  
(v) More d i s e a s e  incidence i s  observed i n  low-lying pa tches ,  
In  poorly drained f i e l d s ,  an increase  i n  t h e  d i s e a s e  i s  
seen i n  successive pigeonpea crops,  whereas t h e  d i sease  
may no t  show a t  a l l  i n  a s i m i l a r  cropping s i t u a t i o n  i n  wel l -  
drained s o i l  . 
(v i )  In fec ted  stem b i t s  when l c f t  on t h e  sur face  o f  s o i l  i n  po ts  
(kept  i n  t h e  open) f a i l e d  t o  providc inoculum t o  i n f e c t  t h e  
s u s c e p t i b l e  cv. HY-3C a f t e r  f o u r  months (This was a 
prel iminary s t u d y ) .  
( v i i )  We have been a b l e  t o  d e t e c t  oospores i n  d i seased  leaves.  
6. Screening techniques 
( i )  Pot screening 
We have been a b l e  t o  s tandard izc  a pot  screening procedure. 
The s t e p s  followed a r e :  
1. I s o l a t e  P2 of Phytophthora s p ,  i s o l a t e d  a t  ICRISAT 
Center i s  grown on V-8 ju ice  agar  (V-8 juice-100 m l ;  
CaC03-2 g;  agar-20 g; d i s t i l l e d  water-900 ml) f o r  one 
week (28'-30'~). 

2 .  Five mm d i s c s  o f  t h e  c u l t u r e  a r c  t r a n s f e r r e d  t o  100 m l  
autoclaved V - 8  j u i c e  broth (as  above without apar) i n  
250 m l  f l a s k s .  Incubation i s  a t  28'-30'~ f o r  15 days. 
3 .  The mycclial mnt from each f l a s k  i s  rcmoved and washed 
twice with d i s t i l l e d  water.  I t  i s  then macerated i n  
100 m l  d i s t i l l e d  water i n  a Waring blendor f o r  2 t o  3 
min. The suspension prepared t h i s  way serves a s  inoculum. 
4 .  Five t o  10-day o l d  seedlings (25-30), r l i s e d  i n  non- 
s t e r i l i z e d  a l f i s o l  (7.5 kg/pot) i n  20-cm pots  a r e  
inoculated by pourine 50 m l  inoculum (s tep  3 )  d i l u t e d  
f u r t h e r  with 50 m l  of  t a p  water ( i . e . ,  100 m l  inoculum 
per  p o t ) .  
5 .  Suscept ible  checks (cv. HY-3C), both inoculated and non- 
inoculated,  a r e  kept with each batch of  gcrmplasm o r  
breeding mate r ia l .  
6 .  Pots  a r e  l i b e r a l l y  watered t h r e e  times a day. 
7 .  Symptoms usua l ly  appear i n  48 hours. F ina l  observat ion 
i s  taken 10 days a f t e r  inocu la t ion .  
The above procedure has worked extremely s a t i s f a c t o r i l y  and exce l len t  
c o r r e l a t i o n  between pot and f i e l d  screening has been observed. 
(ii) Fie ld  screening 
The s t e p s  followed a rc :  
1. I s o l a t e  P2 of  Phytophthora sp. i s  grown i n  V - 8  ju icc  
agar  f o r  one week (28°-300~).  
2 .  Inoculum i s  mixed well with medium a f t e r  adding 
carborundum (600-mesh) . 
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3 .  Individual plants  (one month old) a r c  inoculated a t  thc  
c o l l a r  repion by rubbing. 
4 .  The f i e l d  i s  flood i r r i ~ a t e d  imrneidately aftcrwnrds and 
qgnin onc week I n t e r .  The secqnd i r r i p n t i o n  i s  given only 
i f  dry wenthcr p reva i l s ,  
5 .  Typical b l i ~ h t  symptoms appear within 10 days. 
6.  Survivinp p lan ts  a re  reinoculatcd as above. 
The method has worked sa t i s fac t ,o r i ly ,  but we do fin,! ? small percentage 
of escapes. Also it i s  not thc must convenient method. Wc a rc  considering 
a l te rna t ives  which w i l l  give us a more e f f i c i e n t  and simpler technique. 
7. Screening work 
We i n i t i a t e d  systematic screening work i n  the 1976-77 season. 
Table 6 summarizes the work. 
Table 6. Summary of  thc  work on screening pigeonpea f o r  res i s tance  to  
Phytophthora bl ight  
Germplasm screened 
Pot : 1,200 
Field 34 3 
Resistant  l i n e s  iden t i f  i c d  2 8 
Breeding materials 
Screened 150 
Being screened i n  
1978-79 season : 1,700 
2 5 
8 ,  Resis tant  l i n e s  
As mentioncd i n  Table 6,  we havc iden t i f i ed  28 l i n c s / c u l t i v a r s  
r e s i s t a n t  t o  the b l igh t .  Thesc a r c :  ICP-28, -113, -214, -231, -339, 
-580, -752, -913, -914, -934, -1088, -1090, -1120, -1123, -1149, -1150, 
-1151, -1258, -1321, -1529, -1535, -1570, -1950, -2376, -3753, -6974, 
-7065, -7182. 
AtyZosia is  n wild r e l a t i v c  of pirccnpcn. Twc sycicies; A. sericea 
and A ,  platycarpa, have bccn found r e s i s t a n t .  
9 ,  Existence of physiologic races 
When we subjccted a l l  thc above 28 l i n e s  r e s i s t a n t  t o  the  ICRISAT 
i s o l a t e  of P h y t o p h t h o ~  t o  inoculations with an i s o l a t e  from Kanpur, we 
found a l l  of them t o  be suscept ible .  An i s o l a t c  from New Delhi caused 
mortal i ty  of a ce r ta in  percentage i n  each of the 28 l i n e s .  Once the  
iden t i f i ca t ion  of  the  Phytophthora species i s  s c t t l e d ,  i t  would be possible  
t o  s t a t e  whether the  suscep t ib i l i ty  of l i n e s  r e s i s t a n t  t o  ICRISAT i s o l a t e  
t o  Kanpur and New Delhi i s o l a t e s  is  due t o  a d i f fe ren t  species o r  duc t o  
a d i f f e r e n t  race or  races of the same specics .  
10. Chemical control 
A newer fungicide Ridomil (Methyl 2(N(2-mcthoxyncctyl) - - 2 ,  6- 
xylidino) propionate) of CIBA has been found extremely c f fec t ive  against  
several diseases  caused by phycomycctcs. We havc i n i t i a t e d  s tudies  on the 
control  of  Phytophthora through seed dressing i n  pot cul ture.  The 
r e s u l t s  a r e  awaited. 
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111. Other Pathogens 
Under ce r ta in  s i tua t ions  we (lo find some o ther  s o i l  fungi causin;: 
3roblems i n  pikeonpea. 
1. Sclerotiwn rolf8ii  
Seedling mortal i ty  causcd by t h i s  funrus i s  f e i r l y  clymmon i n  India 
3n.3 some other  pipernpea prow in^ countr ies .  WL hnvc .bscrved more 
mortal i ty  when undecomposed s tubble of cereals  (c.p. sorchum) a re  
prcscnt i n  the  s o i l .  One of t h e  common pract ices  a t  ICRISAT ( in  s p i t e  
of our p ro tes t )  is  t o  chop and incorporate cereal  s tubble only a few days 
before plant ing pigeonpea. This p rac t ice ,  we f e e l ,  is  mainly responsible 
f o r  more seedling mortal i ty  caused by Sclerotiwn ro l f s i i .  
2 . Rhiaoctonia bataticola 
Dry root  r o t  has been reported so f a r  only from India.  I t  i s  a 
minor problem i n  t h e  normal season (June-December/brch) crop, but a 
major problem when an off-season summer crop is  attempted especially i n  
black s o i l s .  One of t h e  ways by which pigeonpea production i n  cen t ra l /  
southern India  can be increased is  t o  have an ex t ra  crop between Novembur- 
April.  However, R ,  bataticola ser iously h i t s  t h i s  crop and we need t o  
iden t i fy  r e s i s t a n t  genotypes i f  the idea of  an ex t ra  crop i s  t o  succeed. 
3 ,  Rhiaoctonia solani 
Root r o t  i n  seedlings o r  a e r i a l  bl ight  by t h i s  fungus has been 
reportedfobserved i n  India, S ie r ra  Lcone, Phi l l ippines , and Malaysia. 
One of  us  (YLN) has observed ser ious a e r i a l  b l igh t  i n  experimental 
plant ings i n  Malaysia. On the  whole, however, it i s  a minor problem. 
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CHICKPEA @engal gram, gram, garbanzo, e t c . )  
I .  -- Wilt Complex 
1 .  History 
Chickpea wilt was f i r s t  mentioncd by Butler i n  h i s  book i n  1918. 
In 1923 McKerral, working i n  Burma, considered the discase t o  be s o i l -  
borne. He sen t  specimens t o  India  which yielded Fusariwn sp .  Narsimhan 
i n  1929 reported associat ion of E'usariwn sp.  and Rhizoctonia sp. with 
wil ted p lan ts .  Latcr Dastur (1935) found Rhizoctonia bataticola 
producing 'wil ted '  p lan t s  and he ca l led  t h e  discase 'Rhizoctonia wilt ' . 
Althougin he i s o l a t e d  Fusariwn from several  wil ted p lan ts ,  he could not  
produce the disease a r t i f i c i a l l y .  In  view of the  f a c t  t h a t  h i s  descr ip-  
t i o n  of symptoms (hc did not look f o r  vascular discolorat ion)  and f i e l d  
pa t te rn  of  incidence i s  almost i d e n t i c a l  t o  t h a t  of typ ica l  w i l t  caused 
by &arim oxyspom f .  sp.  cicer i ,  h i s  f a i l u r e  t o  provc pathogenici ty  
of t h e  Fusariwn he i J o l a t e d  i s  a mystery t o  us. Hc concluded t h a t  t h e  
wilt was duc t o  'physiological '  reasons and ca l led  it 'physiological 
w i l t ' .  In 1939 Prasad and Padwick published a dc ta i led  account of t h e i r  
s tud ies  and reported Fusariwn sp.  t o  be the  cause of chickpea w i l t .  The 
fungus was named l a t e r  by Padwick (1940) a s  F. orthocems var .  cicer i .  
Erwin (1958) from U.S.A. reported F. Zateritiwn f ,  cicer i  t o  be the  cause 
and questioned t h e  name F. orthocerae var .  cicer i .  Following the  
c l a s s i f i c a t i o n  of Snyder and Hanson (1940), Chattopadhyay and Sen Gupta 
(1967) renamed F. orthoceras var .  ciceri  a s  F. o x y s p m  f .  sp. cicer i .  
This change has been accepted by Booth (1971). 
While on the  one hand chickpea wilt was considered t o  be caused 
by fie&, on t h e  o ther  several  workers were not convinced. In addi t ion 
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t o  o ther  fungi reportedly found i s soc ia tcd  with w i l t ,  high tcmpcraturcs 
a t  t h e  time of  sowing and flowering, deficient s o i l  moisture and 'bad 
s o i l '  were considerec! t o  be the  causes (Bedi and Pmcer,  1952; Anonymous, 
1953). The s t n t c  of  Punjcb i n  India had a p ro jec t  on chickpea w i l t  from 
1947-1954 (J .S.  Chohan - personal communication) 2nd it was concluded 
t h a t  s o i l  and wcather fac tors ,  ind not fungi, wcrc the cause. I t  scems 
t h a t  the  use of t h c  term 'wilt complex' began flfter a l l  thcsc invcst iga-  
t i o n s  and any dendldricd chickpea p lan t  was consi3ered wilted due t o  
' w i l t  complex' . A repor t  on virus-induced wilts i n  chickpca from Iran 
(Kaiser and Danesh, 1971) fu r ther  contributed t o  the  confusion i n  India .  
In t h e  l i t e r a t u r e  we f ind  t h e  term ' w i l t '  used loosely f o r  root  r o t s  and 
even b l i g h t s .  So much confusion has exis ted s ince then t h a t  it prompted 
Dr. H.K. Ja in ,  now Director  of  t h e  In3ian Agricul tural  Research I n s t i t u t e ,  
New Delhi, t o  organize a symposium i n  1973 on "Problems of w i l t  and 
breeding f o r  w i l t  r e s i s tance  i n  Bcngal gramv. Several Indian pa tho log is t s  
and breeders par t i c ipa ted  and a p a r t  of  one of t h c  conclusions reproduced 
below (Jain and Bahl, 1974) pointed out t h c  problem c l e a r l y :  
"The p,articipants concluded t h a t  considerable confusion e x i s t s  
with regard t o  the  causation of t h e  w i l t  d isease of  Bcngal gram, 
most workers have tended t o  emphasize a widc vnr ic ty  o f  fac tors  
including those of physiological ,  agronomical , cnvironmental and 
pathological  nature,  which i n  one way o r  the  c ther  contr ibute  t o  
the  development of w i l t  symptoms." 
This was the  s t a t u s  of the  problem when we i n i t i a t e d  our i n v e ~ t i g a t i o n s  
a t  ICRISAT. ~t was c l e a r  t h a t  various causal agents were responsible  
f o r  t h e  dryin8 of p lan ts  and t h e  foremost need was t o  understand t h e  
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c h a r a c t e r i s t i c  symptoms produced by each. Once t h e  dinrnosis  of the  causc 
bnscd cn host  symptoms became possible ,  the re  would be no room f o r  
confusion. 
We h ~ v c  gone i n t o  d e t a i l s  above mainly t o  ensure a p r y w r  under- 
standing of the  problem i t s e l f  and the  reason why we devoted consiclerable 
time t o  invcs t iga tc  the so-cal led " w i l t  c~mplex l~ .  Al th~ugh  the  term 
" w i l t  cumplex" has becn used mainly i n  India ,  wc havc nr~ted through 
l i t e r a t u r e  s imi la r  s i t u a r i c n s  i n  some o t h ~ r  chickpea ~ r ~ w i n y  countr ies .  
2 .  ICRISAT work 
We i n i t i a t e d  a project  i n  1974 t o  u n d e r ~ t ~ m d  the " w i l t  complex1'. 
After many c r i t i c a l  observations of symptoms, hundreds of i so la t ions  of 
fungi i n  pure cul tures ,  pathogenicity t e s t s ,  and v i s i t s  t o  research 
s t a t i o n s  and fannerst  f i e l d s  i n  India and other  chickpea growing countries, 
we concluded t h a t  what has generally been re fe r red  a s  the  " w i l t  complex" 
i s  ac tua l ly  a number of d i s t i n c t  diagnosable diseases .  In  a rder  t o  
a s s i s t  workers i n  ident i fying the main disorders  of chickpea, we have 
prepared a b u l l e t i n  with colored p l a t e s  ( in  p ress ) .  Wc have made an 
attempt t o  develop a key t o  diagnose t h e  common, but confusing, disorders .  
The key from the b u l l e t i n  is  reproduced on the  next pape. 
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Key f o r  t h e  d i a i ~ o s i s  of  w i l t - l i k e  d i sorders  of  chickpea 
CHICK?EA PLANTS SHOWING PREEMTURE Y II,TING/DRY ING 
I .  Wiltinp (dro~pin ; ;  9 f  ; ~ c t i ? l c  m,! r ~ c h i s )  
A .  N o  cx tc rna l  roo t  r - t  
1, I n t e r n a l  (xylem) 14iscul;rn- . . . Fusarim ocysponun f .  sp, 
t i c n  . ciceri (YILT) 
2 .  No i n t c r n u l  f l i sc? lorz t i ;n ;  . . . Frost  i n j u r j  (t,: bc ccnfirmcd 
i r r e g u l a r  p a t t c r n  of through wcather data)  
l e a f  l e t  scorching 
B. External r o o t  r o t  ( t ap  roo t  
not b r i t t l e )  
1. Rott ing a t  c o l l a r  region . . . Sclerotiwn rolfsii (COLLAR ROT) 
downwards; small (1  mm) , 
brown, round, rapeseed- 
l i k e  s c l e r o t i a  v i s i b l c  a t  
base along with white 
myce 1 ium 
2 .  Dark brown l e s i o n  extending on . . . Rhizoctonia solan; (ROOT ROT) 
stem above c o l l n r  region;  
l e s i o n  can extend t o  lower 
branches; no s c l e r o t i a  seen 
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3. Dark brown lcsion at base . . . Operculella padwickii 
mycelium nut visible; (FOOT ROT) 
internal brown discolorn- 
tirn restricted to periphery 
of t h c  woo:! 
C. Extcrnal basc/stcm lesion; . . . Sclerotinia sclerotiorwn 
whitc mycelium ~n lesiiins with/ (STEM ROT) 
without white mycclinl knots 
developing into dark sclerotia 
11. Drying without gencral wilting 
A.  Stunting/discoloration 
1. No external rottinl~ of roots 
a) Proliferation of branches 
i) Browning of leaves in . . . Unidentified virus (STUNT) 
desi and yellowing in 
-
kabuli cultivars; 
phloem necrosis in 
the collar rcgion 
ii) Terminal bud necrosis . . . Alfalfa Mosaic Virus (MOSAIC) 
mild mottle clearly 
seen on broader 
leaflets of kabuli 
cultivars; no phloem 
necrosis 
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b) No ~ ~ r o l i f c r a t i o n  o f
branches 
i) Brc~wnin;: of o l d c r  . . . S a l i n i t y  i n j u r y  
le? . f le ts  i n  and 
ycl lowinr  i n  kabul i  
c u l t i v n r s ;  younger 
l c n f l c t s  remain 
grccn; nu phloem 
brownin;: 
ii) Young f o l i a g e  b r i g h t  . . . I ron  de f i c i ency  (CHLOROSIS) 
ycllow; terminal  bud 
n e c r o s i s ;  mot t le  a t  
mid-hciqht an n 
recoverin!: p l a n t  
2 .  External  r o t t i n c  of r o o t s ;  . . . Meloidogyne spp. (ROOT-KNOT) 
c a l l s  on r o o t s  q u i t c  ~ l i s -  
t i n c t  from ~h i zob iwn  no31ules 
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B. No s tun t ing /d i sco lora t ion ;  only . . . Rhizoctonia ba ta t i cok  
tops  may show d r o ~ ; ~ i n ~ ;  r s t e i n p  (DRY ROOT ROT) 
of  most r o o t s ;  t a p  roo t  b r i t t l e ;  
minute s c l e r o t i a  and/or sparse  
grey mycelium i n  p i t h  c a v i t y  
i n  t h e  c o l l a r  rcgion,  which can 
bc scen with a 10X h m !  Icns .  
Also t h e  s c l e r o t i a  can be scen 
under t h e  root  bark which 
p e e l s  o f f  e a s i l y .  
We wish t o  makc a spec ia l  mention o f  chickpea s t u n t .  We f e e l  t h a t  
t h i s  p a r t i c u l a r  d i sease ,  which i s  cbserved a t  most ;,laces i n  India  and 
a l s o  many o t h e r  chickpea grow in^ count r ies ,  contributed i n  a major way 
t o  t h e  confusion i n  diagnosis .  Very f requent ly  it i s  poss ib le  t o  
i s o l a t e  ksar ium spp. from t h e  roo t  system of t h e  s t u n t  a f f e c t e d  p l a n t s ,  
bu t  no one could produce t y p i c a l  s t u n t  s p y t o m s  with any Fusariwn. I t  
is p e r t i n e n t  t o  c i t e  here t h e  observasirns  malt. by Prasad and Padwick 
(1939), They divided t h e  w i l t  a f fec ted  p l a n t s  i n t o  t h r e e  groups on the  
b a s i s  of  symptoms. These wcrc: 
"1. Those i n  which t h e  f i r s t  symptom was droopinjr of t h e  uI,per 
leaves followed soon by t h e  lower leaves.  The p l a n t s  
withered and died within about a week. 
2 .   hose i n  which t h e  leaves gradual ly turned yellow and thcn 
began t o  drop, t h e  remaining leaves r a p i d l y  withering and 
t h e  p l a n t  dying. 
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3 .  Those i n  which the leavcs became rcd.  In the  l a t e r  s tages 
these plants  resembled those of group (2)  ." 
Whereas the symptoms of f i r s t  group above a rc  of typical  wi l t  (Pusarium 
o x y s p o ~ ~ ~  f .  sp. ciceri),  t h e  symptoms i n  thc  second group can a l s o  bc 
seen i n  the  w i l t  i n  cc r ta in  genotypes. The symptoms of the t h i r d  group, 
however, a re  never sccn i n  w i l t  and wc fccl  ccr tnin t h a t  those are  of 
s t u n t .  Furthcr Prasad and Padwick (1939) mcntioncd phloem browning as  
a symptom of w i l t ,  but i n  the r e s u l t s  of t h e i r  pathogenicity t e s t s  they 
did not mention red leaves o r  phloem browning. Obviously they were unable 
t o  produce those symptoms through inoculations with Fusarim. I t  seems, 
therefore,  t h a t  chickpea s tunt  was not iden t i f i ed  e n r l i c r  and was 
confusing t h e  workers. 
11. Wilt - (Fusarbi oajaponun f .  sp. ciceri) 
1. Occurrence 
The disease is  r e l a t i v e l y  morc serious and has bccn reported from 
Burm?, India, Mexico, Pakistan, Pcru and U.S .A .  From several other  
countr ies ,  Fusarim species have becn reported and we presumc t h a t  thc 
w i l t  fungus i s  a l so  present i n  those countr ics .  The disease i s  widely 
prevalent i n  India. 
2 .  Symptoms 
We have given a de ta i led  description of symptoms i n  the bu l le t in  
( i n  press)  f o r  diagnosing wi l t - l ike  disorders of chickpea. The charac- 
t e r i s t i c  symptoms a re  ( i )  sudden drooping of lcnves and pe t io les ,  
( i i )  no external ro t t ing  of roots ,  and ( i i i )  black internal  discolora- 
t i o n  involving xylem and p i th .  
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3.  E a r l y l l a t c  wilt 
In northern India wilt i s  of ten re fe r red  t~ a s  ' e a r l y '  o r  ' l l t e '  
w i l t  depending upon t h c  time of occurrence. Early w i l t  r e f e r s  t o  
seedl ing wilt (October-November) and l a t e  wilt rv fe rs  t o  wi l t inp  a t  
post-f  lowering s taee  (February-March) . Genernlly the  wilt incidence i s  
negligible i n  t h e  interveninp pcri<,d. We think i t  i s  r ~ s s i b l y  due t o  the  
cold winter i n  northern Intlia t h a t  the  wilt i n c i d ~ n c c  i s  ney l iy ib le  
durinp t h e  v e ~ e t a t i v c  s tapc .  With mocleratc wintcr a t  tlydcrabncl, we 
have not not iced any c lea r -cu t  ' e a r l y t  o r  ' l a t e t  wilt; i n  f a c t  wilt 
occurs herc r i g h t  from the seedling throuph the  podding s tage,  
4 .  LOSS est imation 
As i n  several  o ther  d i seases ,  no precise information on losses  
caused by t h i s  disease i s  ava i lab le  from any country. According t o  a 
rough e s t i m t e  about 10 percent loss  i n  y ie ld  due t o  w i l t  was considered 
t o  be a regular  fea ture  i n  chickpea p-owing s t a t e s  of India  (Singh and 
Dahiya, 1973). Accordinp t o  Grewsl -- e t  a l . (1974), 2 t o  5 percent l o s s  
i s  caused every year i n  Indi?, but it could go i s  hiqh as  60 
pcrcent .  In  both these reports  the  tcrm wilt was used i n  a general 
scnse t o  include mortal i ty  due t c  various causes, and not duc t o  only 
F. oxyspom f .  sp .c ice r i .  
To ge t  an idea about the loss  on a per plnnt  bas i s  i n  re la t ion  t o  
t h e  stage at  which t h e  w i l t  occurs, we conducted an cq~cr iment  i n  the  
1977-78 season. Wilting p r i o r  t o  t h e  flowering s tage of course r e s u l t s  
i n  t o t a l  l o s s .  We, there fore ,  selected s tages a f t e r  podding had b e p n .  
Four c u l t i v a r s  were included i n  the  study. These were sown on 
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3.  E a r l y l l a t c  wilt 
In northern India  wilt i s  o f ten  re fe r rcd  t d  a s  'early' o r  I l a t c t  
wilt depending upon t h e  timc of  occurrcncc. Early w i l t  r e f c r s  t o  
sccd l ing  w i l t  (October-November) 2nd l n t c  wilt r c f c r s  t~ wi l t ing  a t  
post-flowerinp s tagc  (February-March) . Gencrnlly thc  wilt incidence is  
n c g l i e i b l e  i n  t h e  interveninp pcriqd.  Wc think it  i s  I ~ s s i b l y  duc t o  the  
cold wintcr i n  northcrn India  t h a t  t h c  w i l t  i n c i d ~ n c ~  i s  ncp l iy ib lc  
durinp the  vegetat ive s tagc .  With modcrate winter a t  Hyddrabnd, wc 
have not not iced any c lea r -cu t  ' e a r l y '  o r  ' l a t c l  w i l t ;  i n  f a c t  wilt 
occurs  here r i g h t  from t h e  seedl ing through t h c  poddinj? s tage .  
4. Loss est imation 
As i n  several  o ther  d i seascs ,  no prec i se  information on losses  
caused by t h i s  d i seasc  i s  ava i lab le  from any country. According t o  a 
rough cst imate about 10 percent l o s s  i n  y ic ld  due t c  w i l t  was considercd 
t o  be a regu la r  fea turc  i n  chickpea prowine s t n t c s  of India  (Sineh and 
Dahiya, 1973). According t o  Grewal -- e t  a l . (1974) ,  2 t o  5 perccnt  l o s s  
i s  caused every year i n  Indi? ,  but it could go a s  hiqh a s  60 
pcrccnt .  In both these repor t s  thc  term wilt was used i n  n general 
sense t o  include mor ta l i ty  duc t c  v ~ r i o u s  causcs, and not due t o  only 
F. ox.yspom f , sp .c icer i .  
To ge t  an idea about thc loss  on a per  p lan t  bas i s  i n  r e l a t i o n  t o  
t h e  s tage  a t  which the wilt occurs, wc conducted m eq~er iment  i n  the  
1977-78 season. Wilting p r i o r  t o  t h e  flowering s tage  of coursc r e s u l t s  
i n  t o t a l  l o s s .  Wc, there fore ,  selected s tages  a f t e r  podding had b e p n .  
 our c u l t i v a r s  were included i n  the study. These werc sown on 
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3 .  Ear ly / la tc  wilt 
In northern India  wilt i s  o f ten  re fe r red  t d  a s  ' e a r l y '  o r  ' l n t c '  
w i l t  depending upQn t h e  timc of nccurrcncc. Early w i l t  r e f e r s  t o  
secdlinl:  w i l t  (October-Novcmbcr) m d  l i t c  wilt r c f c r s  t~ wi l t inp  a t  
post-flowerinp s tage (February-March) . Gencrnlly thc  w i l t  incidence is  
ncg l ig ib lc  i n  t h e  interveninp pcriqd.  We think it i s  yossibly due t o  the  
cold wintcr i n  northern India  t h a t  t h e  w i l t  i n c i d ~ n c c  is  n c p l i ~ i b l c  
during thc  vege ta t ive  s tage .  With moderate wintcr a t  Hydcrabnd, we 
have not  not iced any c lea r -cu t  'early' o r  ' l a t e '  wilt; i n  f a c t  wilt 
occurs  hcre r i g h t  from the  seedl ing through t h c  poddine s tage .  
4 .  Loss est imation 
As i n  several  o ther  d i seases ,  no prec i se  information on losscs  
caused by t h i s  d i seasc  is  ava i lab le  from any country. According t o  a 
rough est imate about 10 percent l o s s  i n  y ie ld  due t c  w i l t  was considercd 
t o  be a regu la r  f e a t u r e  i n  chickpea rrowing s t n t c s  of India  ( S i n ~ h  and 
Dahiya, 1973). Accordine t o  Grcwal -- e t  a l . (1974) ,  2 t o  5 percent  l o s s  
i s  caused every year i n  Indiq,  but it could go IS hiqh a s  60 
percent .  In  both thesc rcports  the  t e r n  w i l t  was used i n  a gencrsl  
sense t o  include mor ta l i ty  due t c  vorious causcs, and not due t o  only 
F. oxyspomull f ,  s p . c i c e r i .  
To ge t  an idea about thc loss  on x per  p lan t  bas i s  i n  r e l a t i o n  t o  
t h e  s tage  a t  which t h c  w i l t  occurs, wc conductcc! an e r p r i m e n t  i n  the  
1977-78 season. Wilting p r i o r  t o  t h e  flower in^ s tage  of Course r e s u l t s  
i n  t o t a l  l o s s .  We, there fore ,  selected s tages a f t e r  podding had begun. 
Four c u l t i v a r s  wore included i n  the study. These werc sown on 
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October 14, 1977 i n  i wil t - s ick  p l o t  ant: a l s o  i n  n ndnwilt-sick p l o t .  
Healthy plnnts  wcrc pbtnincc! from thc l z t t c r  1 s  nlrlst f t h e  p l a n t s  of  
:I~ese c u l t i v a r s  i n  thc wi l t - s ick  ;lot w ~ r c  1 f f c c t ~ 1 .  Thi r ty  p l n n t s  of 
cvs,  Chafl,  P-436, JG-62 7n.l 850-3127 sh twlnr  wilt !t th rcc  s t n r c s  
( f l o w e r i n g / ~ d d i n , r ;  f u l l  j rrldin;l, y r e - h ~ r v e s t )  w L r ~  t ~ j ' j ~ ~ t :  from 
January 15 onwards .nil h ? r v ~ s t e < l  on Fcbru:try 21, 1978. L i k e w i s ~  30 
heal thy ~ l a n t s  of  cnch c u l t i v a r  wcrc ?Is? h ~ r v c s t ~  I f ~ r  c o m l ~ r i n y  y ie lds  
inti e s t imat in r  losscs .  
The da ta  on gra in  y i e l d  l o s s  and l o s s  i n  100-seed weight i s  
presented i n  Table 7. 
The data  presented i n  Table 7 reveal  ( i )  e a r l i e r  wi l t ing  caused 
more l o s s  than l a t e  wi l t ing ,  t h o u ~ h  even t h e  l a t t e r  resu l ted  i n  substan- 
t i a l  loss ,  ( i i )  t h e  100-seed weight was ~ d v c r s e l y  a f fec ted  by w i l t ,  and 
( i i i )  l o s s  i n  seed weight a t  a l l  t h e  t h r e c  s t a p s  of wi l t ing  was much 
marc i n  JG-62 and P-436 than i n  Chafa and 850-3127, 
Sceds harvested from diseased p l a n t s  of  chickpca wcre l i g h t e r ,  
rough (wrinkled surface)  and d u l l  i n  colour a s  compared t o  heal thy oncs. 
Chauhan (1960) attempted t o  develop a l o s s  e s t i m a t i ~ n  technique 
based on t h e  time and amount of wi l t ing .  Thcrc wns, however, no 
follow-up on t h a t .  
5. A t  what s tage a re  p lan ts  infected? 
We conducted experiments i n  1977-78 season t o  pet sn answer t o  the 
above quest ion.  Two c u l t i v a r s ,  one hiphly suscep t ib le  (JG-62) and one 
moderately suscep t ib le  (850-3/27), wcre ra i sed  i n  heavi 1 y inoculated 
s o i l  i n  po ts .  Whereas cv. JG-62 was infectcd on the fourth day a f t e r  
Table 7. Inf luencc of w i l t i n g  a t  different s tapes  cn the  g r a i n  y i e l d  
of four  chick1 ca c u l t i v n r s "  
Stage Averlpe Average Percent 100-seed Percent 
Cult  i v a r  of number sccc! 1, ss i n  weirht rctluction i n  
p lan t  of weight/ s c c l  100-sccd 
sce:s/ y l m t  wei,lht/ wcipht 
p l e n t  0 1 I ' l l n t  (1'1 
Chafa 
(Wilted) S 1  2 2 2.80 89.23 13.09 22.12 
(Hcalthy) 158 26.00 16.81 
- -
P-436 
(Wilted) S 1 25 2.08 91.40 9.44 35.16 
S2 5 6 5.66 76.61 10.37 28.77 
S3 121 12.16 49.75 11.17 23.28 
(heal thy)  16 1 24.20 
-
14.56 
-
JG-62 
(Wilted) S1 15 1.44 94.26 8.44 44.51 
S2 42 4.36 82.65 9.62 36.75 
S3 133 14.76 41.26 12.18 19.92 
(Healthy) 166 - 25.13 - 15.21 
850-3127 
(Wilted) S 1 9 1.41 91.45 15.75 43.114 
(Healthy) 61 - 16.50 - 27.85 
a Data represen t  averages of 30 p l a n t s .  
b ~ l  - Flowering and podding 
52 - F u l l  podding 
53 - Pre-harvest 
sowing, t h e  cv. 850-3127 was in fec ted  on t h e  seventh day. JG-62 showcd 
100 percent  in fec t ion  within s i x  days but 850-3127 showed t h a t  much 
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i n  20 days. Age of chickpca 2 l a n t s  a t  thc  time of  inoculat ion was found 
ts inf luencc in fec t ion .  Cul t ivars  JG-02 mi! 850-3127 could not bc 
i ' l fectcd a f t o r  they reached the  age 70 and 63 days, respectively. 
6. Sys tcn ic i ty  
In repeater: s tud ies  we hnve cnnfirmctl t h a t  thc funsus i s  systemic 
and can bc isolatccl from a l l  p a r t s  of an infcct~.!  1 l l n t  including thc  
seed. 
7. Sccd t ransmissicn 
Our s tud ies  havc conclusively establ ished t h a t  t h e  fungus can be 
i n t e r n a l l y  seed-borne and it i s  located mostly as  chlnmydosporcs i n  t h e  
hilum rcgion of seed. Cul t ivars  show differences i n  sced transmission 
percentage. 
We have f u r t h e r  found 1 fungicidal  sccc! trcntmcnt t o  e rad ica te  thc: 
fungus. Benlate-T (30% benomyl + 30% thiram) a t  0.15% r a t e  c rad ica tcs  
t h c  fungus completely. 
We havc ailayted n secd-clenrinc technique (usinp NnOH) t o  d i r e c t l y  
observe the  fungus i n  t h e  hilum rcgion c f  sced. 
I t  may be pointed out hcre t h z t  Erwin and Snyder (1958) had 
suspected seed transmission of t h e  w i l t  funws ,  but Westerlund 5 g. 
(1974) f a i l e d  t o  obtain cvidencc of such trnnsmissi(jn. I t  i s  not c l c a r  
from the  paper of Westcrlund g 2. (1974) whethcr thc  sceds they used 
f o r  t h e i r  t e s t s  were obtained from wil tcd p lan ts .  Likewise the name of 
t h e  c u l t i v a r  from which t h e  seed was obtaincd was not rncntioned, AS 
pointed out  e a r l i e r ,  it i s  i q o r t a n t  t o  know thc  cu l t ivnr ,  3s there  
soem t o  be c l e a r  differences between c u l t i v a r s  with rcgard t o  percentage 
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seed transmission. In our t e s t s  we found t h a t  the  extent  of seed 
transmission i n  cv. Chafa was considerably l e s s  than i n  cvs.  JG-62 and 
P-436. 
8. Survival lhost  range 
We have not seen any published paper on t h i s  aspect .  I t  i s  
l o g i c a l l y  presumed t h a t  t h e  fungus survives i n  the  dead p lan t  debr i s  
i n  t h e  s o i l .  There a r e  many questions r e l a t e d  t o  t h i s  aspect which 
need answers. As a f i r s t  s t ep  we have i n i t i a t e d  an experiment t o  f i n d  
out how long t h e  fungus can be detected i n  dead plant  t i s s u e  buried 
i n  t h e  s o i l .  The experiment i s  continuing. The fungus could be detected 
i n  t h e  buried r o o t s  a f t e r  s i x  months. In l e a f l e t s  and stem pieces,  
it could not be detected a f t e r  2 and 4 months, respec t ive ly .  
Since nonsusceptible plant  species  a r c  known t o  be c a r r i e r s  of  
pathogenic Fusaria (Armstrong and Armstrong, 1948) we wanted t o  know 
i f  such a s i t u a t i o n  e x i s t s  i n  case of chickpea wilt Fusariwn. 
Plant  species  were sown i n  the  chickpea wi l t - s ick  p l o t  i n  5-m 
rows (50 seedslrow) along with t h e  suscept ible  chickpea cv, JG-62 on 
October 28, 1977. They were observed f o r  wilt symptoms up t o  March 
1978, I s o l a t i o n s  of Fusariwn wcrc attempted from f i v e  p l a n t s  of each 
crop a t  30-day i n t e r v a l s  during the  season. The r e s u l t s  a r e  presented 
i n  Table 8. 
From wil t -s ick p l o t s ,  na tura l ly  growing weeds wcrc co l lec ted  
throughout t h e  season and i s o l a t i o n s  of  Fusariwn were attempted on a 
s e l e c t i v e  medium. Thc r e s u l t s  a r e  presented i n  Tablc 9. 
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Table 8. Detection o f  Fusariwn i n  t h e  roo ts  of  d i f f e r c n t  p l a n t  spcc ics  
grown i n  t h e  wi l t - s ick  p l q t  (B-5) 
Crop I s o l a t i o n  of F'usarim from 5 p l < m t s  16-11-1977 16-12-1977 25-1-1978 
Blackgram - - - - -  - . - - - 
French bcan 
(Phuseolus vulgaris) + + + - -  + + - - -  
Groundnut + + - - -  + - - - -  + - - - -  
Lent i l  - - - - -  - - - - -  
Soybean - - - - - - - - - -  
Cowpea + + + - -  + + - - -  + + - - -  
Pigeonpea (ICP-6997) + + + + -  + + + + +  + + + + -  
Pigeonpca (NP (WR) - 15) + + + - -  + + + - -  + + + - -  
Sorghum (CHS- 1) - - - - -  - - - - -  - - - - -  
Climbing bean 
(Dolichos l a b k b )  
C h i l l i  
Tomato 
Pearl m i l  l e t  (NHB- 3) 
Pearl  m i l l e t  ( HB-3) 
+ I s o l a t e d  
- Not i s o l a t e d  
Tzblc 9 .  Detect ion of  Fusariwn i n  t h e  r o o t s  of s e v e r a l  weed spec ies  
found rrowing n a t u r a l l y  i n  t h c  ch ick lea  w i l t - s i c k  p l o t s  
Weed I s o l a t i o n  o f  Fusariwna 
7-11-'77 11-11-'77 18-11-'77 28-12-'77 16-1-'78 
Amaranthus v irdis  + - x x 
Hibiscus parduraeformis + x x 
Phy llanthus niruri + 
P. medenaspatensis x x 
Corchoms ol i tor ius  
Xanthiwn stnunariwn x 
Cyanotis a x i l  tar i s  x x x 
Indigofem s p  . - x x 
ConvoZvulus sp .  - x x 
Cassia sp. x x 
Cyperus ro tundus + + + + 
PaspaZwt~ distichum x x x 
Ewgrostis s p .  x x x 
Desnoditon t r i f  Z o m  - x 
Convo Zvulus m m i s  + + t 
+ : P r e s e n t  
- : Absent 
x : Not attempted 
aFive p l a n t s  were used. Even i f  a s i n g l e  plant y i e l d  Fusariwn, + s i ~  
has been ind ica ted .  
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Fusczriwn isolates, i s o l z t c d  from crop p l a n t s  Erown i n  the  wi l t - s ick  
p l o t  a s  well as  from wecds, were multiplied i n  thc laboratory on potato-  
sucrose broth and t c s t c d  for  pnthoqcnicity us inr  sw?tcr c u l t u r e s  
technique and t h e  suscep t ib le  JG-62 c u l t i v l r  of chick$c?. Although 
t h e  r e s u l t s  with repnrd t o  c e r t a i n  plnnt s l ~ c c i L s  t y l l i e d  with thosc 
~ ~ b t a i n e d  throueh labor i td ry  t c s t s ,  the Fusarim (Fus:rin) from f i e l d  
Frown p l a n t s  proved non-pnthcgcnic. This i s  i n t r i ~ l u i n p  and w i l l  be 
inves t iga ted  f u r t h e r .  
9 .  Screening techniques 
( i )  Water cu l tu re  
The "water cu l tu re"  technique i s  s imi la r  t o  the  procedures 
described by Wensley and McKeen (1962) and Roberts and Kraft (1971). 
Thc s t e p s  a re :  
1. An i s o l a t e  of  hsarim oxyspom f .  $1,. ciceri, most 
predominant i n  ICRISAT f i e l d s ,  i s  used f o r  inocu la t ions .  
The cu l tu re  was s ing le  spored o r i g i n a l l y  and i s  being 
maintained. 
2 .  Inoculm i s  mult ipl ied on PD broth (100 ml) i n  f l a s k s  
(250 ml) on a shaker f o r  10 days a t  ro9m tcmpernture 
(25'-30'~) . 
3. The inoculum ( c n t i r c  contents  of  thc f l a s k )  i s  d i lu ted  
with s t e r i l i z e d  d i s t i l l e d  water t o  get  a f i n a l  inoculwn 
concentration of :.5% (sporc csncentrnt icn - 6.5 x lo5) ]. 
4 .  Seedlings 14 t o  18 days o ld ,  ra i sed  i n  nutoclaved sand, 
a r e  t rans fe r red  t o  g lass  tubes containing 20 m l  of  
inoculucl. Sccdlinps a r c  hcld i n  p o s i t i c n  by co t ton  
pluys.  S t c r i l i z c d  d i s t i l l u d  wntcr i s  f i l l e d  i n  tubes 
a f t e r  cvcry 48 hr  t o  mnkc uy the l ~ s s  cf wntcr,  
5 .  Ten scccllinfs 2rc  uscd for each l i n c / c u l t i v n r .  A 
s u s c c ; t i b l e  check c u l t i v c r  (JG-62) i s  likewise inocu- 
l a t c d  with cach batch f ~ f  t e s t  l i n e s .  Also f ~ r  cech 
l i n e / c u l t i v a r ,  n noninoculated sccdl in;?  i s  kcpt a s  
check . 
6. The susceptible check usua l ly  w i l t s  betwcen 7-10 days. 
Data a r c  recorded 15 days a f t c r  inoculat ions.  Non- 
inoculated seedl ings remain green f o r  more than t h r e e  
weeks. 
( i i )  Pot s c r e e n i n e  
The procedure we have followed i s  s imi la r  t o  t h a t  
dcscr ibed under pigeonpea wilt. The only d i f fe rence  i s  t h a t  we use 
v e r t i s o l  i n s t e a d  of a l f i s o l  . Aftcr  incorporat ion of  inoculum, suscep- 
t i b l e  cv ,  JG-62 i s  grown and wil ted p l a n t s  a r c  incorporated i n  t h c  s o i l  
of thcse  p o t s .  Once more t h e  same procedurc i s  followed. Af te r  two 
such cyc les ,  t h e  po ts  a r e  rcady f o r  usc i n  screenine.  This procedure, 
l i k e  t h e  water c u l t u r e  technique, i s  bcine uscd t o  supplement f i e l d  
sc reen ing  and i n  a s s i s t i n g  breeders i n  inhcr i t ancc  s t u d i e s .  
( i i i )  Sick p l o t  
In cont ras t  t o  pigconpca wi l t - s ick  p l o t s ,  we had an 
easy t ime i n  developing wi l t - s ick  p l o t s  i n  case of chickpea. In 1975-76 
season, wilt appeared i n  a corner  of a 2 ha block. By the end of  
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1976-77 season, t h e  whole p l o t  developed i n t o  almost a uniform s i c k  
p l o t .  We incorporated a l l  t h e  dead p l a n t s  i n  t h e  same p l o t  and had 
excellent screening i n  1977-78. Wc made usc o f  t h i s  information and 
have developed s i c k  p l o t s  t o t a l l i n g  about 4 ha by growing s u s c e p t i b l c  
c u l t i v a r s  and incorpora t ing  dcad p l a n t s .  
Onc p a r t i c u l a r  p l o t  of about 1 . 0  ha has becn devclopcd a s  a 
mul t ip le  d i s e a s c  s i c k  p l o t .  In t h i s  p l o t  we h a v ~  bccn adding evcry 
year  a l l  dead p l a n t s  of t h a t  p l o t  a s  well a s  from o thcr  p l o t s ,  regard-  
l e s s  of t h e  cause of dea th .  We have been having s u b s t a n t i a l  i n f e c t i o n  
i n  t h i s  p l o t  by Sclerotiwn ro l f s i i ,  Rhizoctonia sokni ,  Rhizoctoniu 
ba ta t icok ,  e t c .  i n  add i t ion  t o  F, oxyspom f .  sp.  ciceri.  Thc l a s t  
one i s  t h c  most c o m n  fungus i n  our  f i e l d s  a t  ICRISAT Center.  
In  our  w i l t - s i c k  p l o t s ,  we cannot excludc thc  bu i ld  up o f  o t h e r  
so i l -borne  pathogens and t h e r e f o r e  we expect a s  time passcs ,  a l l  our  
p l o t s  w i l l  be mul t ip le  d i sease  s i c k  p l o t s .  
10.  Screening work 
Table 10 summarizes our  work. 
Table 10 .  Screening of chickpea f o r  w i l t / r o o t  r o t s  r e s i s t a n c c  
Gemplasm screoncd i n  w i l t - s i c k  p l o t  
Promising aga ins t  wilt 120 
Germplasm screened i n  mult iple  d i scasc  nursery 1,300 
Promising aga ins t  w l l t / r o o t  r o t s  8 0 
Lines being t e s t e d  i n  In te rna t iona l  Chickpca Root 
Rots/Wilt Nursery (19 countr ies/37 loca t ions)  6 3 
Breeding mate r ia l s  
Screcned 
Promising 
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11. Res i s tan t  l i n e s  
We considcr  t h e  followin8 l i n e s / c u l t i v n r s  t o  bo r e s i s t a n t  t o  
Ftizarium w i l t :  
ICC-202, ICC-391, ICC-658, ICC-858, ICC-1443, 
ICC-1450, ICC-1611, ICC-3439, ICC-4552, NEC-790, 
WR-315, CPS-1, JG-74, and 86-212 
Work on w i l t  r e s i s t a n c e  has been done mainly a t  Kanpur (Singh 
c t  a l ,  1974) and a t  Jabalpur  (Sharma and Khare, 1969). I'hc s ick  p l o t  
--
screening a t  Gurdaspur i s  mainly a g a i n s t  OpercuZcZZa pudwiokii, t h e  
f o o t  r o t  organism (Singh and Bcdi, 1974). Inc idcn tn l ly  WR-315 r e f e r r e d  
t o  above i s  a r e s i s t a n t  l i n e  from Kanpur. Some work has been done i n  
Mexico (Lopez Garcia, 1974). 
12. Existence of  p h y s i o l ~ g i c  races  
Chauhan (1962) seems t o  be t h e  only worker who made a t tempts  t o  
s tudy  v a r i a t i o n  i n  t h i s  pathogen. He s tud ied  22 i s o l a t e s  and grouped 
them i n t o  f i v e  groups on the  b a s i s  of  f i l t r a t e  t o x i c i t y  and percent  
m o r t a l i t y  i n  pot  inocu la t ions .  Hc, however, d i d  not  s p c c i f y  them a s  
r a c e s .  
Prel iminary s t u d i c s  have provided us evidence o f  t h c  ex i s tencc  of 
r a c e s .  The p o t  c u l t u r e  procedure was followed t o  s tudy the  pathogc- 
n i c i t y  of f i v e  i s o l a t e s  of  F. oxysporm f .  s p ,  c i c e r i  c o l l e c t e d  from 
as many l o c a t i o n s  (Hyderabad, Hissar  , Jabalpur  , K a n y r ,  Gurdaspur) . 
Ten genotypes, 4 r e s i s t a n t  and 6 suscep t ib le  t o  t h e  Hydcrabad (ICRISAT) 
i s o l a t e ,  were used. The t e s t  was conducttd t h r e e  times and reac t ions  
i n  most c a s e s  were cons i s ten t .  Summarized r e s u l t s  have been presented 
i n  Table 11 . 
p able 11. Reactions of chickpcn cul t ivars  tc, f i vc  i so la tes  of 
- 
, Isnla tcs  frrn ICP.ISAT 
Cultivors Hydcrnbnd l!issar Job:!!rur Kanrur Gurdospur 
- 
JG-62 
C-104 
86-2 12 
JG-74 
CPS-1 
WR-315 
Anniperi 
C h a f ~  
L-550 
850-3127 
a b20 seedlings were used in  each t e s t  and t e s t  was carr ied  out 3 times. 
R = Resistant ( l e s s  than 20% wilt) 
M = Moderately susceptible (20-50% wilt) 
C 
S = Susceptible (more than 51% w i l t )  
Shoved ' S f  reaction in  two t e s t s  md i M '  i n  one. 
d~hoved rMI reaction i n  tvo t e s t s  md ' S '  i n  one. 
A c r i t i c a l  look a t  the resul ts  i n  Table 11 reveals tha t  C-104 is 
r e s i s t a n t  t o  the Gurdaspur i so l a t e  but suscc$ible t o  a l l  others.  JG-74 
i s  r e s i s t a n t  t o  a l l  i so la tes  except the Knrpur i so l a t e .  CPS-I i s  
r e s i s t a n t  only t o  the ICRISAT i so l a t e .  WR-315 i s  r e s i s t an t  t o  a l l  
i s o l a t e s  except the  Gurdaspur i so l s t c .  JG-62, Chafa, and L-550 a r e  
susceptible t o  a l l  i so l a t e s  and moderately susceptiblc to  Gurdaspur 
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i s o l a t e .  850-3/27 i s  suscept ible  t o  the ICRISAT i s a l a t e  a n d  rnoderatcly 
suscep t ib le  t o  a l l  c thers .  
The Gurlbspur isolate was d i f fc rcn t ia tcd  frc.m othurs throuph 
r c s i s t a n c c  of C-104 and suscc2 t ib i l i ty  o f  WK-315. The Kany~ur i s o l a t e  
was d i f f c r c n t i a t c d  throurh suscep t ib i l i ty  of JG-74. If ' R '  and ' M '  
ca tcgor ics  a r e  consir!ercd as not t c c  Cis t inc t ,  thc ICRISAT, Hissnr, 
and Jaha l lu r  i s o l a t c s  c ~ u l d  bc considered iden t jca l ;  on the othcr  
hmd,  if these  cateaories  a rc  considcred d i s t i n c t ,  then the Hissnr and 
Jabalpur i s o l a t e s  only could be considered iden t ica l  and the ICRISAT 
i s o l a t e  a d i s t i n c t  one. The data  indicate  tha t  we may have 3 o r  4 
d i s t i n c t  races .  
However, before we draw conclusions cn t h i s  aspect,  we would l i k e  
t o  v e r i f y  how ser ious  these i s o l a t e s  arc  i n  f ic l t l  conditions a t  respcc- 
t i v e  loca t ions .  Kraft and Haglund (1978) have crn:jhasizcd t h i s  aspect 
i n  t h e i r  paper on F. oxysporwn f .  sp. pisi. 
111. Other Pathogens 
Most of the l i t e r a t u r e  on othcr  soil-bornc funei deals with 
d i s e a s e  i d e n t i f i c a t i o n  and prevalence. .4lmcst n, work has been done 
on t h e  epidemiology of thcse organisms i n  rc la t ion  t o  thc diseases 
they  cause i n  chickpea and on host resis tance.  
We have l e a n e d  from surveys in  chicQea p,rowing countrics tha t  
Ascochyta b l i g h t  and s tunt  a re  widely prevalent, but thcse do not f a l l  
within t h e  sespe of our present revicw. As f a r  as the mil-borne 
diseases are cunccmed, a f t e r  wilt, dry root m t  caused by Rhi zochnk  
b a h t k o &  is a relat ively m j o r  problem, : )ar t icular ly where day time 
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temperatures r i s e  t o  JO'C i n  t h c  post-flowcrinp s tage.  A l l  o ther  funqi 
discussed bclow a r c  genera l ly  ? resen t ,  but a r c  mgrL 3f loca l  im?ortancc, 
t h c  incidence varying from f i c l j  t o  f i e l d .  
In general we observe mcru diseases i t  cqlcriment s t n t i q n s  than in 
farmerss  f i e l d s .  This wc ' ~ t t r i b u t c  t r ~  c e r t a i n  fnc tnrs  i n  fnrmers' f i c l d s  
such a s  r o t a t i o n s ,  mixed croy~pin; i j a t t c m ,  ? n l  wide s p c i n p  because of  
broadcast sowings. Once high yiclrliny c u l t i v a r s  a r c  avni lnblc  t o  
farmers, many of  t h e  abovc th ings  will change. Thcre w i l l  be more 
monocropping of chickpea, which might mean more soi l -borne diseases  
unless  r e s i s t a n t  c u l t i v a r s  z r c  made ava i lab le  r i g h t  from the  b e g i n n i n ~ .  
Our e f f o r t s  t o  i d e n t i f y  good l i n e s  under mult iple  disease and mlti- 
loca t ion  t e s t i n g  s i t u a t i o n s  represent  a s t e p  i n  t h s t  d i r e c t i o n .  For 
loca t ion  s p e c i f i c  d i seases ,  t h e  germplasm co l lcc t ion  of  ICRISAT will 
be made ava i lab le  t o  concerned pa tho log is t s  f o r  identifying res i s tancc .  
In t h e  following- paragraphs we have di.;cusscd o ther  soi l -borne 
fungi .  Symptoms have been mentioned e e r l i c r .  
1. Rhiaoctoniu batuticola (Dry roo t  r o t )  
Tho pathogen does cause s u b s t a n t i a l  mor tz l i ty  and l o s s  i n  a 
crop which g e t s  caught i n  higher  ambient temporaturos (30% and abovc) 
i n  t h e  post-f lowering s t a g e ,  In the  Indian s i t u a t i o n ,  t h i s  occurs i n  
c e n t r a l  and southern India  and we see more dry roo t  r o t .  I t  i s  
i n s i g n i f i c a n t  i n  northern Indin where cooler  teml~eraturcs  extend 
through March and by t h e  time t e p c r a t u r e s  r i s c ,  t h e  crop i s  ready 
f o r  h a r v e s t .  
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We have been making at tempts  t o  develop a laboratory screening 
procedure based on r o o t  l e s i o n  length a s  t h e  c r i t e r i o n  f o r  comparing 
genotf les .  We a r e  hopeful t h a t  wc w i l l  be ab lc  t o  s tandardize a 
procedure i n  t h o  near  f u t u r c .  
Dry r o o t  r o t  i n  ICRISAT Center s i c k  p l o t s  i s  common i n  t h e  post-  
flowering s t a g e .  Our sc reen ine  docs hclp us  i n  ident i fyini :  h i ~ h l y  
s u s c e p t i b l e  c u l t i v a r s .  
We f i n d  t h a t  a l f i s o l  e x t r a c t  medium supports  l e s s  s c l e r o t i a  
product ion than v e r t i s o l  e x t r a c t  mcdium. The dry  r o o t  r o t  i s  observed 
more i n  v e r t i s o l  a t  ICRISAT Center i n  both pigeonpea and chickpea. 
We have observed low incidence o f  t h i s  d i sease  i n  Lebanon, 
S y r i a ,  Turkey, and I r a n ,  
2 .  Rhizoctunia soZuni (Root r o t )  
I t  has  never been reported t o  be s e r i o u s  from any chickpea 
growing a r e a  Most of t h e  incidence i s  seen i n  t h e  seed l ing  s tage 
when s o i l  moisture content  i s  high.  In i r r i g a t e d  chickpeas,  the 
d i s e a s e  may occur  any time. We have seen t h i s  d i scasc  more frequent ly 
i n  chickpeas p lan ted  a f t e r  t h e  harves t  of  paddy where s o i l  moisture 
con ten t  i s  h igher .  
We have seen t h i s  d i s e a s e  occas iona l ly  i n  our  mult iple  disease 
nurse ry  a t  ICRISAT Center .  
3 .  Sclerotiwn r o l f e i i  (Col la r  rot)  
The incidence i s  r e l a t c d  t o  higher  moisture content and presence 
o f  undecomposed organ ic  matter  near  s o i l  s u r f a c e .  I t  i s  a problem i n  
t h e  s e e d l i n g  s tage  except i n  i r r i g a t e d  crops wherc thc  disease can 
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occur a t  any stage provided tcmpcratures a re  not low. Chickpcn 
following paddy shows morc incidenci  . 
Our mult iple disensc sick p lo t  shows somc incidence of c o l l a r  
r o t  every year.  A t  Jabnlpur, where t h ~  cr r  ;I i n  the sick p h t  i s  
i r r i g a t e d ,  the  c o l l a r  rot incidence i s  r e l n t i v ~ l y  h i rhcr .  
4 .  ScZerotinia 8cZerotiom (Stem ro t )  
The problcm i s  seen i n  northern Indin whcre cocl temperatures, 
r e l a t i v e l y  morc r a in  i n  January, and heavy dew occur which a re  
favourable t o  the pathogen. The d isease  does cause subs tant ia l  damage 
i f  p lant ings  a re  close and t h e  crop canopy is th ick .  In casc of more 
r a i n s  i n  a season, the  vegetat ive growth of chickpea becomes excessive, 
In such years t h i s  disease can become ser ious .  
No attempt t o  iden t i fy  res is tance  t o  t h i s  disease has been made. 
In addit ion t o  India,  the  disease has been reported from Chile 
(Mujica, 1955) and I ran  (Kaiser, 1972). 
5 .  Opercu2eZZa pamYickii (Foot r o t )  
Kheswalla (1941) described t h i s  disease f i r s t  from Punjab and 
Delhi i n  northern India.  Although the  fungus has been i so la ted  from 
several  loca t ions  i n  cen t r a l  and northern India,  the disease seems t o  
be locat ion  spec i f i c .  A t  Gurdaspur in  northcrn India ,  t h i s  fungus 
i s  the  most dominant one i n  the  s ick  p l o t .  We fee l  wet s o i l  i s  
conducive t o  t h i s  d isease .  From Gurdaspur, Singh and Bedi (1974) 
reported t h a t  G-543 i s  a r e s i s t a n t  c u l t i v a r  and F-61. i s  moderately 
r e s i s t a n t .  
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This fungus has been reported only from India. 
6. Fuswiwn aolani (Root r o t )  
Kraft (1969) f i r s t  reported tha t  F. eolani f .  sp. phaeeoli can 
in fec t  chickpea. Westerlund e t  a l .  (1974) reported it t o  bc one of 
-- 
t h e  root r o t t i n g  fungi of  chickpea in  California.  The same ycar 
Grewal e t  a l .  (1974) reported it from northern India. Although the 
--
fungus has been i so la ted  from diseased chickpea p lants  from di f ferent  
a reas  of India, it is  r e s t r i c t e d  mainly t o  northern India.  The 
chickpea p l o t s  a t  New Delhi usually show more incidence of F, solani 
and screening agains t  t h i s  pathogen should be possible there.  
No spec i f i c  resistance sources have yet been ident i f ied .  
7 .  Oaoniwn tex#uun var .  p a r a a i t i m  (Wilt/Foot rot/Root ro t ? )  
Mishrn (1955) f i r s t  reported t h i s  pathogen from Bihar s t a t e  of 
India. He cal led  the  disease w i l t  although the  fungus causes ro t t i ng  
a t  the  base a s  well a s  of  roots .  So f a r  the disease has been reported 
from Bihar s t a t e  and t he  adjacent area of eastern Uttar  Pradosh s t a t e ,  
Again there  i s  no information on res is tance  t o  the disease. 
8, A s t e r i l e  fungus (white seed and root  r o t )  
Haware and Nene (1976) have reported a s t e r i l e  fungus responsible 
for  causing seed r o t  as well a s  root  r o t .  Thick white mycelial s trands 
cover t h e  seed af fec t ing  geminat ion  o r  cover thc  young roots of 
soedlings. The discaso i s  observed only i f  the  s o i l  i s  too wet a f t e r  
sowing which happens due t o  chance r a ins ,  
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Since t h c  discasu is  a miner problem we have not done any f u r t h c r  
work. 
9.  Mcloidogyne spp . (Rcrot-kn j t )  
The problem has bcen seen mzinly i n  i r r i p ~ t c d  chick;,cas. bhrc 
incidcncc has bcen notcd i n  northern Ind ia .  i\ Fr ):l r m t - k n o t  in fes ted  
p l o t  a t  Ludhinna o f f c r s  nn excc l lcn t  o l . p r t u n i t y  t c  scrccn fc,r r e s i s -  
t a n c c .  Af te r  t h e  problcnl wns i d c n t i f i c  j 1t Lur!hinnn, t h e r e  has been 
increased i n t e r e s t  i n  t h i s  problem amongst t h e  nematolcgis ts  i n  northern 
Ind ia .  
One of t h e  spcc ies  i d c n t i f i c d  i s  M. incogni ta  (Ahmad Jamal, 1976). 
LITERATURE CITED 
Amihotmdu,  V. 1954. S o i l  c o n d i t i m s  and w i l t  d i scases  i n  p l a n t s .  
Rhizosphere microflora i n  r e l a t i o n  t o  fungal w i l t s .  Ph.D. 
t h e s i s  submitted t o  Madras Univ. ( c f .  Sadesivan T.S., and 
C . V .  Subramanian, 1954. Reccnt sdvanccs i n  the  study of s o i l -  
borne Fusnrin. J .  Indian Bnt. Soc. 33: 162-176). 
Ahmad Jamal. 1976. S tud ies  on t h e  r e l a t i o n s h i p  betwecn Meloidogyne 
incognita and behaviour of Cicer a r ie t inwn r d o t s ,  Curr. S c i .  
45: 230-231. 
Amin, K.S., B.  Baldev, and F.J.  Williams. 1978. Phytophthora c a j a n i ,  
a new spec ies  causing stem b l i g h t  on Cajams  cajan.  Mycologis 
(under p r i n t  accordinp t o  t h e  sen ior  au thor ) .  
Anonymous. 1953. Gram w i l t  and i t s  c o n t r o l .  Indian Council Agr. 
Res., New Delhi and Indian Fmg. 3: 7. 
5 3 
Armstrong, G .M., 2nd Joanne K .  Armstron!:. 1948. Nonsusccy,tible 
h o s t s  3f  c n r r i c r s  of  w i l t  Fuszrin.  Phytopath1;lzry 38: 808-826. 
Baldev, B . ,  nncl K.S. f a i n .  1974. S tud ies  Qn t h c  ex i s tence  of races 
i n  FusaPim udwn cclusin;: w i l t  of  Cajanus cajan, SABFQ'LO J .  6 :  
201-205. 
Bcdi, K.S., and C.S. Pracer .  1952. Gram w i l t  (disc-sc 2nd i t s  c m t r q l  
i n  Punjnb. Punjsb Farmer 4 :  296-301. 
Booth, C .  1971. The eenus Fusariwn. Commonwenlth Myc01:)~ical I n s t i -  
t u t e ,  Kew, (Surrey) England. pi;. 1-137. 
Bose, R.D.  1938. The r o t a t i o n  o f  tobacco f o r  t h e  prevent ion of  w i l t  
d i s e a s e  i n  pigeonpens (Cajarms cajan(Linn .) Mills? .) . Apr.  
Livestock, Ind ia  8:  6 : 653-668. 
But lc r ,  E , J .  1906, Thc w i l t  d i seasc  c f  pipconi:ex and pepper. Ap. 
J .  Ind ia  1: 25-36. 
But le r ,  E.J. 1908. Se lec t ion  of  pigccnpcn f o r  w i l t  d i sease .  Agr. 
J .  Ind ia  3: 182-183. 
But le r ,  E.J .  1910. The w i l t  d i s e a s e  of  ? ipeinLjca and t h e  paras i t i sm 
of Neocomspom vas infec ta  Smith. Mcm. De;]. ;\gr. Ind ia ,  Bot. 
Ser .  2: 1-64. 
B u t l e r ,  E . J ,  1918. Fungi and p lnn t  J i scnso .  ;.:;I. 1-547. Rcirrinted 
i n  1973 by MIS. Bishcn Singh Mahcndrn Pal Singh, Dehradun and 
M/s. P e r i o d i c a l  Experts ,  Delhi .  
Chattopadhyay, S.B., and P.K. Sen Gupta. 1967. S tud ies  on w i l t  
d i s e a s e s  of pulses. I .  Var ia t ion  and tnxonjmy of Fu6ariwn 
s p e c i e s  associated with w i l t  d i s e a s e  of I - Ju~SCS.  InJian J .  
Mycol. Res. 5: 45-53, 
5 4 
Chauhan, S.K. 1960. A technique f n r  discnse a: i i i r? is~l  and 1, s s  
estimq.tions i n  Fusarium wilt ~f yr,?m. A:J~B Unlv. J .  Res. 9 :  
253-260. 
Chauhan, S. K. 1962. Physis1o;ic v l r i a t i  ins i n  Fusariun orthoceras App. 
E Wr. var .  cicer i  Padwick c n u s i n ~  wilt E yr?n (Cicer ar ie t inm 
L.). Proc. Nat. Acad. S c i .  I n d i i .  Soct B .  32: 78-84. 
Dastur, J .F.  1935. Gr?n wilts i n  the  Central Pr-vinces. Acr. Livc- 
s t k .  India  5 :  615-627, 
Deshpande, R . B . ,  L.M. Jcswani, and A.B .  Josh i .  1963. B r e c d i n ~  wilt 
r e s i s t a n t  v a r i e t i e s  of pigeonpea. Indian J .  Genet. 23: 58-63. 
Dey, P.K. 1948. Plant  Pathology, Administrative Rep. hgr. Dep. 
U.P., 1946-47, pp.39-42. 
Erwin, D.C .  1958. E'us&wn Zateritiwn f ,  c icer i ,  i n c i t a n t  of Fusarium 
wilt of Cicer urietimun. Phytopathology 48: 498-501, 
Erwin, D.C., and W.C. Snyder. 1958. Yellowing cf Garbanzo Beans. 
C a l i f .  Agr. 12: 6 :  16. 
Grewnl, J.S.,  M ,  Pa l ,  and D . D .  Kulshrestha. 1974, Fungi associated with 
gram wilt. Indian J .  Genct. & Plant  Brecdini. 34: 242-246. 
Grewal, J.S., M ,  Pal ,  and D.D. Kulshrcsthn. 1974, X new record of 
wilt of gram caused by Fusariwn solani. Curr. Sc i ,  43: 767. 
Haware, M.P., and Y.L, Nenc. 1976. Some uncommcn but  ~ o t e n t i a l l y  serious 
d s w e s  3f chickpea. Tropic31 Grnin Leeumc Bull. No.5 : 26-30. 
Ja in ,  H , K ,  , and P.N. Bahl . 1974. Recommendations ~f s ~ m p o s i m  on 
gram wilt. Indian J. Genet. & Plant  Breedin[: 34: 236-238. 
55 
Kaiser, W.J.  1972. O C C U ~ ~ ~ ~ C C  of  t h r e e  fungal d i seases  of chickpea 
i n  I ran .  FA0 Plant  P r o t .  Bull .20: 74-78. 
Kaiser,  W.J., and D. Dancsh. 1971. Etio1rj;y o f  virus-induced w i l t  
of  Ciccr  ar ict inum. Phytopathqlc~gy 61: 4 5 3 - 6 7 .  
Kheswalla, K.F. 1941. Foot r o t  o f  $ram (Ciccr arYictirm L . )  caused by 
Uperc.deZla p&kii ncv. gcn. nov. sy-. Intlian J. .ij;r. S c i .  11: 
316-318. 
Kraft ,  J.bl. 1969. Chickreo, a new host  .)f Fusarium solani f .  sp.  
p i s i .  Plant  Dis. Reptr. 53: 110-111. 
Kraft ,  J.M., and W.A. Haglund. 1978. 1i reappra i sa l  of  the  race 
c l a s s i f i c a t i o n  of  Fusariwn o x y s p o m  f .  syj .p is i .  Phytopatholo~y 
68: 273-275. 
Lopez Garcia, H. 1974. Inher i t ance  sf the  charac te r  res i s tance  t o  
w i l t  (Fusarim ssp)  i n  chickpca (Cicer arietinwn) under f i e l d  
condit ions ( i n  Spanish) . A p i c u l t u r n  Tecnica Mex, 3 : 286-289. 
McKerral, A. 1923. A note  on Fusarium w i l t  of Tr,m i n  Bum? and 
measures taken t o  ccmbat i t .  Agr. J .  Indiz  28: 608-613. 
McRac, A.T.K., and F.J.F. Shaw. 1933. P a r t  I .  Inf luence of 
superphosphate, c a t t l e  manure and green manure on thc  w i l t  of 
Cajanua indicus caused by Fusariwn msinfectwt  Atk. Part  11. 
The i s o l a t i o n  of  r e s i s t a n t  types.  Impcrinl Coun. Agr. Res. 
S c i e n t i f i c  Monograph, Vo1.7: pp . l -68.  
Mil ler-Jones,  D.N., D.R. Houston, and T.F. Preece. 1977. The use o f  
e l e c t r i c a l  r e s i s t a n c e  measurements t o  d e t e c t  watcrmxrk disease 
of c r i c k e t  b a t  willow. P lan t  Dis. Reptr. 61: 268-272. 
5 6 
Mishra~  J . N .  1955. Wilt o f  gram (C'icer arietinwn L.) i n  Bihar, 
Curr.  Sc i .  24: 210. 
Mohanty, U . N .  1949. The w i l t  d i sease  of  pigeonpea with spec ia l  
reference t o  t h e  d i s t r i b u t i o n  of causal  organism i n  the  host  
t i s s u e .  Indian J .  Agr. S c i .  16: 379-390. 
Mujica, R .F .  1955. S tud ies  on s c l e r o t i n i o s i s  ( in  Spanish). 
Agricul turz Tec., Santiago 15. 64-74. 
Narasimhan, R.  1929. A preliminary note on a Fusnrium p a r a s i t i c  
on Bengal gram (Cicer arictinwn) . Madras Agr. Dep. Year Book 
1928: 5-11. 
Padwick, G . W .  1940. The genus Fusarium. 111. A c r i t i c a l  study of  
t h e  fungus causing wilt of  gram (Cicer arietinwn L . )  and of t h e  
r e l a t e d  spec ies  of t h c  subsect ion Orthoccm, with spec ia l  r e l a t i o n  
t o  t h e  v a r i a b i l i t y  of  key c h a r a c t e r i s t i c s .  Indian J. Agr. S c i .  
10: 241-284. 
Pa l ,  Mahendra, J .S.  Grewal, and A . K .  Sarbhoy. 1970. A ncw stem r o t  
of  a r h a r  caused by Phybphthoru,  Indian Phytopnth.23: 583-587. 
Prasad, N . ,  and G.W.  Padwick. 1939. The genus Fusarium. 11. A 
spec ies  of Fharh a s  a cause of  w i l t  of  gram (Cicer arietimrm 
L . ) .  Indian J .  Agr, S c i .  9: 371-380. 
Raut, N . K . ,  and B.B. Bhombe. 1971. A review of  t h e  work of 
s e l e c t i o n s  of  t u r  varieties r e s i s t a n t  t o  Fusarium w i l t  a t  
Collegc of  Agr icu l tu re ,  Parbhmi  (Maharashtrn) . Mapzine 
College of Agr. Parbhani 12 :  37-42. 
Roberts,  D.D., and J.M. Kraft .  1971. A rap id  technique for  studying 
Fusarium w i l t  of  peas.  Phytopathology 61: 342-343. 
5 7 
S n r o j i n i ,  T.S. 1950. S o i l  condi t ions  and r o o t  d i sczses .  Pnr t  I .  
Micro-nutr ient  elements and d i sease  development by RLsarim 
udwn on red  gram (Cajanus cajan (Linn .) Millsp .) . J .  Madras 
Univ. 9 .  19: 1-32. 
S a r o j i n i ,  T.S. 1951. S o i l  condi t ions  2nd m o t  d i s c a s c s .  P a r t  11. 
Fusarim udwn disensc  r f  red  Erm (Cajanus c~zjan (Linn.) 
Idi l lsp.)  . Proc. Indian Ac2d. S c i .  S e c t i m  8, 33: 49-68. 
Sharma, H.C. ,  and M.PI .  Khare. 1969. S tud ies  zn w l l t  ;f Bcnpal Kram 
(Cicer arit?tinwn L . )  a t  Jabnlpur .  JNKW Res. J ,  3 :  122-123. 
Sharma, R . D . ,  and R.S. Singh. 1973. A tcchniquc fr-r s e l e c t i v c  
i s o l a t i o n  of M w n  monilifonnc from s y i l  2nd p lan t  t i s s u e s .  
Indian J .  Mycol. & P l a n t  Path.  3: 67-70. 
Shukla, D. S. 1975. Incidcncc o f  Fusarium wilt of  pireonpea i n  
r e l a t i o n  t o  s o i l  composition. Indian Phytopath. 28: 395-396. 
Singh, D.V. ,  A . N .  Misra, and S.N. Sinph. 1974. Sources sf r e s i s t a n c e  
t o  gram wilt and breeding f o r  wilt r e s i s t a n c e  i n  B e n ~ a l  pram i n  
U.P. Indian J. Genet. & Plnnt  Brccding 34: 239-241. 
Singh, G . ,  and P.S. Bcdi. 1975. The p c r p e t u a t i ~ n  of 0permrlel2a 
m i { ,  t h e  cause of f o o t  b l i r h t  ( r o t )  of pram i n  the  Punjab. 
Indian Phytopath. 28: 546-548. 
Singh, K.B., md B.S. Dahiya. 1973. Brccdinl: f o r  wilt res i s tance  
i n  chickpea.  Symposium on wilt problem nnd brecdinx fnr wilt 
r e s i s t a n c e  in Bengal gram. September 1973 a t  Indian iZF1 Rcs. 
I n s t . ,  New Dclhi,  Ind ia ,  pp. 13-14 (Abstr . ) .  
5 8 
Snydcr, W.C. ,  and H.N .  Hanson. 1940. Thc spccies conccpt i n  
Fus,!rium. h e r .  J. Bot. 2 7 :  64-67. 
Subramanian, C . V .  1955. Studies on scuth Indian Fussr ia .  IV. The 
"wild type" i n  E'uaariuni udwn But ler .  J .  Indi?n Rct. Soc. 34: 
29-36. 
Vaheeduddin, S. 1958. E v , ) ~ v ~ ~ F  w i l t  r e s i s t a n t  s t r a i n s  ,f rcd zrom. 
Andhra Agr. J. 5 :  163-16t,. 
Wensley, R . N . ,  m d  C.D.  McKccn. 1962. Rapid t c s t  f o r  p a t h o ~ e n i c i t y  
of s o i l  i s o l a t e s  cf R~~ar4u.m o q s p o m  f .  melonis. Can. J .  
Microbiol. 8: 818-819. 
Wcsterlund, F.V. Jr., R.N.  C,mpbell, and K.A.  Kimble. 1974. Fungal 
r o o t  r o t s  and w i l t  of chickpea i n  Ca l i fo rn ia .  Phytopatholcgy 
64: 432-436. 
Williams, F.J., J .S.  Grcwal, and K.S. iunin. 1968. Serious and new 
d i seases  of pu l se  crops i n  India i n  1966. Pl?nt Dis. Reptr. 
52 :  300-304. 
Williams, F .J . ,  K.S. Amin, and 0 .  Baldev. 1975. Phytophthora stem 
b l i g h t  of  CQjanuB cdan, Phytopathology 65 : 1029-1030. 
APPENDIX-I 
Development 2 f  p i ~ e m p e ~  w i l t - s i c k  p l o t s  
V c r t i s o l  s i c k  p l o t  ' A t  (1 .5  ha) 
March 11, 1975 : Adder' 750 cu. f t .  ,f cvnlpost (chopped 
s t u b b l c )  o f  f i l l : - w i l t e d  piyeonpoa, 
pcil husk and scr:hurn hezds 7 f t c r  
t h e s e  were omn;(~stoc: to rye ther  f o r  
1 o r  2 months. 
May 1st week, 1975 : Again added 750 c u . f t .  o f  compost a s  
descr ibed  above. 
June 26, 1975 : Incorporated 1.87 q o f  sorghum g r a i n  
co lon ized  by pipeonpea Fusarim. 
A p r i l  30, 1976 : S c a t t e r e d  7.50 q of  Fusarium 
co lcn ized  pigeonpe? seeds .  
May 5 ,  1976 : A l l  t h e  w i l t e d  p l a n t s  s t u b b l e  were 
chopped and inccrporn ted  i n t o  s o i l .  
Ju ly  12 ,  1976 : Inc3rporatcd 11.25 q of Fusariwn 
m u l t l p l i c d  on n l f i s o l  + pi&eon>ee 
f l o u r  (9: 1 u/w) . 
Apr i l  5 ,  1977 : A 1 1  t h e  w i l t e d  p l a n t s  s tubble  were 
chopped and i n c c r i ~ o r a t e d  i n t o  S o i l .  
May 2 ,  1978 : A l l  t h e  wiltei! p l ~ n t s  s tubble  were 
chopped and i n c o q ~ o r n t c d  i n t o  s o i l .  
May 8, 1978 : S c a t t e r e d  uniformly nbcut 500 c u . f t ,  
o f  w i l t c d  pigeonpca stem b i t s .  
(1) 
( i i )  
V e r t i s o l  s i c k  p l o t  'U' (1.5 ha) 
l ipr j1 19620, 1976 : Scattered 1,500 c u . f t .  pigecnpea stem 
b i t s  ( b ~ t h  wiltel! 2nd heal thy p l a n t s ) .  
Apri l  30, 1976 : Sc3ttercd 7.50 q qf Fusarim 
cc l o n i z ~ d  jjire n;)cz secds.  
J u l y  12, 1976 : Incvrpratcc!  11.25 q of E'usarim 
mult i ; ) l ie~!  Ln ? I f i s  1 + ; ~ i p e o n p n  
f l o u r  (9  : 1 w/w) . 
J u l y  29, 1976 : Pigeonpca wi l ted  stcm p ieces  (15 cm) 
were buried i n  cvery row (one piece 
a f t e r  cvery two p l a n t s ) .  
February & March, 1977 : S c a t t e r e d  400 c u . f t .  w i l t e d  pigeonpea 
stcm b i t s .  
Apr i l  6 & 7,  1977 : A l l  t h e  wi l ted  p l a n t s  s tubble  of 
1976-77 were chopped and incorporated 
May, 1978 
May, 1978 
i n t o  s o i l .  
A l l  t h e  wi l tcd  p l a n t s  s tubble  of 
1977-78 were c h o p p d  and incorporated 
i n t o  s o i l .  
: Sca t te red  uniformly about 500 c u . f t .  
of wi l ted  pigeonpea stem b i t s .  
A l f i s o l  s i c k  p l o t  ' A t  (0.1 ha) 
- This  p l o t  was used a s  pigeonpea s t e r i l i t y  mosaic screening 
nursery  f o r  t h r e e  years  (1974-77) cont inuously.  During t h a t  
per iod  increased  wilt incidence was obscrved every ycar .  
( i i i )  
- In 1977-78 the  p l o t  w x s  used t e  screen pigconpea f o r  w i l t  
and s t c r i l i t y  mosaic d iseases .  Wilt suscept ib lc  check l i n e  
(ICP-6997) showcd 99.4 percent  d isease .  
- A l l  wi l ted  p l ~ n t s  s tubble  of 1977-78 wcrc chl>p;;e,l and 
incorporated i n t o  s o i l  (April 24, 1978). 
A l f i so l  s i ck  p l o t  ' B '  (0.4 ha) 
1977-78 : Planted p i ~ e o n p c z  mzter ia ls  f c r  s t e r i l i t y  
mosaic screening.  
January,  1978 : W i l t  incidence was obscrved i n  l a rge  
patches.  
Apr i l ,  1978 : A l l  the  wi l ted  p l a n t s  were chop2ed and 
incorporated i n t o  s o i l .  
May, 1978 : Scat tered  about 400 c u . f t .  of pieeonpea 
wi l ted  stem b i t s .  
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SOME POINTS FOK DISCUSSION 
Pigeonpea w i l t  
1. Have our  s t u d i c s o n  t h e  surv iva l  o f  E'usariwn udwn i n  pigeonpea 
s tubble  been c a r r i e d  ou t  adequately? (Please see  pp .$- lo)  
2 .  What could be t h e  reasons f o r  t h e  f a i l u r e  o f  water c u l t u r e  
screening technique i n  case o f  pigenpea but  not i n  chickpea? 
(pp. 11 & 42) 
3 .  The technique of t r a n s p l a n t i n g  seed l ings ,  r o o t s  of which 
a r e  i n j u r e d  and inocula ted ,  t o  autoclaved s a n d l s o i l  i n  po ts  
gave us e r r a t i c  r e s u l t s .  What could be t h e  reasons? ( p , l l )  
4 .  We would apprec ia te  comments/criticism on t h e  po t  screening 
procedure developed by u s .  (pp. 11-12) 
5. We have developed two w i l t - s i c k  p l o t s  i n  v e r t i s o l  f o r  
r e s i s t a n c e  screening (pp. 12-13) : 
(a) I s  it p o s s i b l e  t h a t  t h e  p l o t s  may contain ' t o o  much' 
inoculum a s  t h e  years  pass  by? 
(b) Are we l i k e l y  t o  face  o t h e r  problems? 
(c) We a r e  us ing  mainly one s u s c e p t i b l e  check (ICP-6997) 
t o  monitor wilt s ickness .  Is t h a t  adequate? 
( i i )  
(d) The susceptible check rows a r c  planted a f t e r  evcry 
2 t o  4 t e s t  rows a l s o  t o  ensure t h a t  inoculum multiplies 
evcry year .  Is t h i s  adcquntt  o r  should we follow the  
procedure of  growing only n susccp t ib le  c u l t i v a r  onc 
year  and t e s t  ma te r ia l  i n  t h ~  next  y e w  (with a few 
check l i n e s ) ?  Thc two s ick  p l o t s  t h c t  wc hnve developed 
can bc used i n  such a way t h a t  when on2 h?.s only tho 
susccp t ib le  c u l t i v a r ,  t h e  o t h e r  would hnve t h e  breeding 
m a t e r i a l .  
( e )  There a r e  i n d i c a t i o n s  t h a t  continuous p lnn t ing  of  
pigeonpea i s  r e s u l t i n g  i n  poorer growth i n  cvery succeed- 
i n g  scason. This  i s  l i k e l y  t o  r e s u l t  i n t o  r e j e c t i o n  of  
breeding mate r ia l  which may be r e s i s t a n t  but showing 
poor growth i n  s i c k  p l o t .  What could bc donc t o  avoid 
such a s i t u a t i o n ?  
6. Our experience t e l l s  us  t h a t  w i l t  s ickness  can be developed 
more qu ick ly  and uniformly i n  a l f i s o l  than i n  v e r t i s o l .  We 
have developed two l a r g e  s i c k  p l o t s  i n  v e r t i s o l  because 
farmers p r e f e r  t h i s  type o f  s o i l  ( i . e .  deep s o i l s )  f o r  
c u l t i v a t i n g  pigeonpea. We f ind  t h a t  some genotypes which 
show ' r e s i s t a n c e '  i n  v e r t i s o l  ge t  a f f e c t e d  by w i l t  i n  
a l f i s o l ,  but  t h e  revcrsc  has  never happened. Should we 
t h e r e f o r c  develop s i c k  p l o t s  i n  a l f i s o l  and give up the  
e x i s t i n g  s i c k  p l o t s  i n  v e r t i s o l ?  O r  should we have l a r g e  
sick p l o t s  i n  both types  of  s o i l ?  Wc must mention here  t h a t  
( i i i )  
t o  grow pigconpex i r r i g a t i o n  i s  rcquircd i n  a l f i s o l  but not 
i n  v e r t i s o l .  
7 .  We consider mult i locat ion t c s t i n p  of promisine l i n e s  desirable 
before using them i n  c rosses .  I s  our thinkine cor rec t?  
8.  Since t h c  w i l t  incidcnce increases considerably a f t e r  ratoon- 
ing, i s  it dcs i rab lc  t o  gc by t h e  post-rntoon reac t ion  of 
l i n e s ?  (p ,  15) 
9 .  What a r c  t h e  p o s s i b i l i t i e s  of  developing n s c l c c t i v c  medium f o r  
Eilsariuni udwn? 
Pigeonpea Phytophthora b l i g h t  
1. Our observat ions concerning t h e  survival  of the  fungus have 
been described on pages 18 & 2 2 .  We nccd suggestions t o  plan 
research on t h i s  aspect .  
2 .  We would appreciate  comments/criticism on the pot screening 
procedure we have developed (pp. 22-23). 
3. We need suggestions t o  improve upon our f i e l d  screening 
procedure (pp. 23-24) . 
Chickpea w i l t / r o o t  r o t s  
1. Many p lan t  species  grown i n  t h c  wi l t - s ick  p l o t  yielded 
hsariwn, which morphologically looked s imi la r  t o  the  i s o l a t e  
of F. oxycyspomcm f ,  sp .  ciceri. However, h s a r i m  i s o l a t e s  
from a l l  these  p l a n t  specics  were nun-pathogenic t o  chickpea. 
We w i l l  apprec ia te  discussion on t h i s  point  (pp.39-42). 
2 .  We w i l l  apprec ia te  comments/criticism on water cu l tu re  and 
pot c u l t u r e  screening techniques f o r  w i l t  r e s i s tnnce  (pp. 42-43) 
( iv )  
3 .  Several  so i l -borne  pathopcns which c ~ m  a t t ack  chickpea a re  
prescnt  i n  most s o i l s ,  cvcn thdunh one n r  tw', :;~thogcns may 
dominntc. In s i ck  p l c t s  a t  ICRISAT Fusariwn o x y s p o m  f .  sp .  
c icer i  daminatcs , but (Ither p n t h o ~ c n s  such as Rhizoctonia 
bataticoza 11s. k i l l  many l i n e s  (pi) .43-44). Should wc 
the re fo re  encourage 'mul t ip le  d i seasc  sick ? l o t s '  and i d c n t i f y  
l i n e s  which show l e a s t  m ~ r t a l i t y  f o r  usc i n  the  breedin," 
pogram? Or should we ccncent ra to  on workink out  procedures 
f o r  i d e n t i f y i n g  r e s i s t a n c e s  t o  d i f f e r e n t  so i l -bornc  pathogens 
ind iv idua l ly?  
4 .  Pathogens o t h e r  than Fusaxiwn o x y s p o m  f .  s p ,  ciceri  are 
important  a t  o the r  l o c a t i o n s .  For examplc QperculeZLa pacbickii 
i s  t h e  dominant fungus a t  Gurdaspur. How should we conduct 
work t o  meet such s i t u a t i o n s ?  
5.  Evidence i n d i c a t e s  t h a t  physiologic r l c c s  ;f Fusarim 
oxysponun f . SF. c i ce r i  e x i s t  (pp .45-47). I s  mul t i locnt ion  
t e s t i n g  o f  our promisin? l i n c s  t h e  only Tnswer t o  meet t h i s  
s i t u a t i o n ?  
6 .  Dry r o o t  r o t  caused by Rhizoctonia bataticoZa i s  m o t h e r  widely 
p reva len t  d i s e a s e .  We a r e  making a t t e n q t s  t o  develop a 
l abora to ry  screening procedure based r o o t  lcs ion  lcngth .  
We i n v i t e  your comments/criticism/sugr,estions? (pp. 48-49) 
7 .  We may have t o  work ou t  techniques t~ scrcen f o r  r e s i s t ance  
t o  r o o t  r o t s  caused by ~usar iwn solani nnd Rhizocbnk  solani. 
We would apprec ia t e  sugges t ions .  
